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FOURTH  ONTARIO  INDUSTRIAL  WASTE  CONFERENCE 


This  brochure  contains  the  papers  presented  at  the 
Fourth  Industrial  Waste  Conference  held  at  Delawana  Inn,  Honey 
Harbour,  Ontario,  on  June  9th,  10ch,  11th  and  12th,  1957.  This 
Conference  was  sponsored  by  the  Water  and  Pollution  Advisory  Com- 
mittee for  Ontario.   The  objective  was  the  same  as  in  previous 
conferences,  namely,  to  focus  attention  on  Industrial  Waste  prob- 
lems and  means  for  treatment  of  these*  The  papers  are  printed 
in  the  order  in  which  they  appeared  on  the  program. 

The  Water  and  Pollution  Advisory  Committee  functions 
in  conjunction  with  the  Ontario  Water  Resources  Commission.   This 
Committee  takes  the  place  of  the  former  Pollution  Control  Board, 
The  Ontario  Water  Resources  Commission  is  concerned  with  both  in- 
dustrial pollution  and  domestic  sewage.   It  is  important  that  each 
of  these  sources  of  pollution  be  dealt  with  in  an  efficient  manner 
if  the  pollution  of  streams  is  to  be  prevented.  At  this  conference 
attention  was  directed  to  industrial  wastes  rather  than  to  domestic 
sewage >  The  papers  are  prepared  by  those  who  have  given  much  thought 
to  the  subjects  they  discussed.   It  is  hoped  that  the  publication 
of  these  papers  will  aid  in  the  dissemination  of  knowledge  on 
these  subjects,  and  will  prove  helpful  to  those  who  are  faced  with 
the  treatment  and  disposal  of  wastes. 

The  Water  and  Pollution  Advisory  Committee  is  grateful 
to  all  who  contributed  papers  to  this  Fourth  Industrial  Waste  Con- 
ference, and  to  those  who  assisted  in  any  way  in  making  the  Con- 
ference possible. 

For  further  information  write  to  the  Ontario  Water  Re- 
sources Commission,  or  to  the  Water  and  Pollution  Advisory  Com- 
mittee, Parliament  Buildings,  Toronto. 
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HANDLISO  OF   PLn    STRAw   'VASTUS 

-   by   - 
WW.    FORBhS 


Stokely  Van  Camp  Co.  Ltd., 
Whitby,  Out. 

It  is  indeed  an  honor  to  bo  asked  to  present,  at  this 
your  fourth  Ontario  Industrial  'waste  Conference,  a  few  thought.' 
on  the  handling  of  Pea  Straw  v,aste. 

In  the  processing  of  peas  a  great  many  problems  are  en- 
countered, but  none  approach  in  magnitude  the  problem  of  the 
disposal  of  the  waste  pea  vines. 

At  the  inception  of  the  canning  industry,  when  the  harv- 
esting of  a  pea  crop  was  a  manual  or  hand  operated  procedure, 
when  picking  out  a  site  for  tno  location  of  a  pea  viner,  invar- 
iably the  location  desired  would  be  one  in  the  middle  of  the 
contracted  acreage  with  a  fall  away  from  the  ensilage  stack, 
so  that  the  effluent  from  the  stack  would  seep  into  the  ground 
oi'  into  a  fast  moving  stream,  anywhere  to  gtst  rjd  of  the  of- 
fensive odor  it  would  create.   In  there  days  snail  stations  of 
one  to  four  virions  were  the  rule,  to  keep  the  distance  from 
field  to  viner  at  a  minimum  i'or  horse  and  wagon  or  tractor  and 
wagon  delivery,  since  the  individual  farmer  was  responsible 
for  the  harvesting  of   his  crop.   So  that  the  volume  of  waste 
vines  was  small  at  any  one  location  it  did  not  present  a  major 
problem, 

However,  with  the  general  acceptance  of  mechanical  harv- 
esting, these  small  viner  units  have  disappeared ,  and  the 
general  trend  is  to  large  volume  stations  in  units  of  fours, 
so  that  it  is  not  unusual  for  stations  of  12  to  16  viners  to 
be  strategically  located  in  the  centre  of  a  much  larger  grow- 
ing area.   This  has  increased  the  waste  disposal  problem 
greatly  to  a  point,  where  a  new  approach  had  to  be  taken  to 
eliminate  the  unpleasant  odors  that  the  effluent  created.   The 
high  sugar  content  of  this  effluent,  also  rn;.'de  an  ideal  spot 
for  the  breeding  place  of  flies. 

People,  being  what  they  are,  are  not  inclined  to  change 
their  method  of  doing  things,  especially  waste  iiiaterials  , 
for  which  there  is  no  financial  return,  until  their  hand  is 
forced,  either  by  public  opinion  or -by  some  law  enforcement 
agency . 

So,  the  first  approach  to  this  problem,  was  to  accumulate 
the  effluent  in  a  pit  and  pump  it  into  a  tank  truck  for  dis- 
tribution on  pastures  and  summer  fallow  for  its  fertilizer 
value.   It  has  been  found  that  the  quantity  of  effluent  from 
a  stack  varied  from  500  £allon  to  2000  gallon  per  viner  pei- 


2U   hour  period,  depending  upon  the  season  and  the  succulence 
of  the  vines  being  harvested.   The  fertilize] 


:%r  value  has  been 


-  2  - 

computed  to  be  approximately  yS.OO  per  1000  gallon  of  effluent, 
and  tests  have  shown  it  to  contain  4&00  p. p.m.  organic  nitrogen. 
3500  p. p.m.  potassium  and  16.50  p. p.m.  phosphate.  Crop  response 
to  the  application  of  this  effluent,  have  been  remarkable  with 
increases  in  the  yield  of  wheat  up  to  20  bushels  per  acre. 
So,  what  had  been  a  necessary  evil,  by  proper  utilization, 
proved  to  be  of  value  to  our  growers. 

That,  however,  still  left  the  pea  stack,  which,  whi.l'v 
having  a  high  feed  value  for  the  winter  feeding  of  U -..•*»*  ^,«> 
still  caused  unpleasant  odors  during  the  curing  period  and  u1*, 
out  of  the  stack  in  the  winter  months.   Accurate  records  of  the 
cost  of  building  the  stack,  removing  the  effluent  and  the  cost 
of  selling  the  ensilage  in  the  winter,  gr> #***d  in  r^ost  cases  $ 
net  loss.   Added  to  this,  the  stack  it,  un.'si^n^.l  y  and  a  e'v-_'ce 
of  annoyance  to  the  surrounding  community,  Su*.  '*  s  tht  ^gf3pl»ar-ru*.L 
odors  and  breeding  of  flies. 

In  some  locations  the  complaints  assumed  the  proportions 
of  it  being  a  choice  of  either  moving  the  viner  station  to  some 
secluded  area  or  of  eliminating  the  stacking  of  vines  completely 
Because  of  the  expense  of  moving  a  large  station,  the  latter 
seemed  the  most  feasible  solution  to  the  problem. 

Last  year,  it  was  decided  to  experiment  on  this  basis  on 
an  eight  viner  station,  located  on  Highway  #7  at  Locust  Hill. 
A  farmer  in  the  area  war.  confct^d  and  he  undertook  to  remove 
the  vines  as  it  was  being  produced, to  his  farm  some  lfi  miles 
distant  for  the  winter  feeding  of  beef  cattle.  The  following 
are  a  few  figures  of  the  result  of  one  year: 

Acres  harvested  375 

Tons  of  ensilage  handled  3200 

Number  of  trucks  requires  3 

Cost  of  trucking  and  tractor  loading  $4000. 
Cost  of  ensilage  del'd  to  iarm  per  ton  |l.25 

This  particular  farmer  operates  on  a  large  scale  and  built  3 
bunker  silos,  45  feet  wide  by  70  feet  long  by  Tk   -eet  high  with 
concrete  walls  and  Floor,  at  an  approximate  cost  of  41500. 
During  the  harvesting  reason,  a  fork  lift  tractor  loaded  the 
vines  onto  his  trucks,  v/hich  delivered  the  vines  close  to  his 
silos.   Another  tractor  distributed  the  vines  to  his  silos  and 
packed  the  vines  for  better  curing.   Because  of  the  fact  that 
only  the  top  of  the  stack  and  the  small  ends  were  exposed  to 
the  air,  very  little  wasting  took  place,  only  three  or  four 
inches  in  depth. 

Cafeteria  stylo  self  feeding  was  employed  so  the  cattle 
would  only  feed  to  a  width  of  about  four  feet  at  a  time.  When 
the  first  cut  had  completely  been  removed  by  the  cattle,  the 
barracade  was  moved  in  four  feet  for  the  second  cut.   During 
the  winter  months  each  animal  consumed  about  550  lbs.  of  en- 
silage per  week  or  about  35£  per  week  :per  animal.  This  feed 
was  supplemented  with  hay  and  grain  but  by  far  the  largest 
portion  of  the  feed  was  the  pea  vine  silage. 
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His  experience  of  last  year  proved  so  profitable  that  he 
has  agreed  to  increase  the  number  of  silos  and  is  removing  the 
vines  from  another  station  located  at  hitby,  where  10  viners 
are  operated,  and  he  has  plans  on  feeding  around  800  head  of 
cattle  next  winter. 

It  is  not  always  possible  to  locate  a  farmer  who  operates 
on  this  scale  in  every  location.   So  at  a  12-viner  station  at 
Little  Liritain  this  year,  five  farmers  are  co-operating  on  the 
removal  of  the  vines.   To  assist  all  parties  we  have  built 
accumulating  conveyors  which  discharge  directly  on  the  trucks, 
which  eliminate  the  extra  handling  of  the  vines  by  tractors. 

Also,  where  the  individual  farmer  does  not  wish  to  go  to 
the  expense  of  bunker  silos,  he  may  excavate  pit  silos,  where 
the  topography  of  his  farm  is  such  that  it  is  practical  to  do 
so. 

'>m   feel  that  canners  will  profit  in  better  public  relations 
and  be  relieved  of  a  source  of  complaint,  as  well  as  being 
financially  ahead,  if  pea  vines  are  handled  in  this  manner. 
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SOViK   EXPERIENCES  WITH  SPRAY  IRRIGATION 


-  by  - 

T.  b.  TOTH 

....I..— —  —  ■■■■  I.   I 

Green  Giant  of  Canada  Ltd., 
Tecumseh,  Ontario 


Of  the  many  attempts  at  methods  of  waste  disposal',  to 
date  irrigation  shows  the  greatest  promise  to  the  seasonal 
canner.   If  properly  installed  it  avoids  stream  pollution  and 
odor  nuisance  at  a  fraction  of  the  cost  of  an  adequate  disposal 
plant.  However,  despite  the  simplicity  of  the  mechanics  of 
applying  water,  the  concept  of  the  interrelationship  of  soil 
type,  crop  husbandry  and  water  utilization  is  often  difficult 
to  perceive  and  impossible  to  determine  other  than  through 
experience.   It  is  for  this  reason,  therefore,  that  some  pro- 
vision must  be  made  to  gain  some  knowledge  of  the  potential 
disposal  capabilities  of  a  given  location  beforehand.   Unfort- 
unately, little  can  be  done  regarding  soil.  However,  one  may 
alter  the  cover  crop,  with  the  objective  of  increasing  infil- 
tration and  water  utilization.   At  the  same  time  the  crop  should 
be  hardy  enough  to  withstand  the  effects  of  the  effluent. 

FACTORS  TC  B...  C0NST13E  JLI>  IN  La  IG'.TION  LcSIGH 

1.  Nature  of  waste  &  Source  -  Lf fluent  &  Silage  Seepage 

a)  Waste  or  effluent  is  the  resultant  water  from  washing, 
blanching  and  conveying  of  the  product.   It  is  non-toxic, 
containing  20-3500  ppm  suspended  solids,  240-6000  ppm 
5-day  BOD,  resulting  from  carbohydrates,  fats  and  proteins. 
When  discharged  into  streams  it  undergoes  bio-chemical 
oxidation  which  depletes  oxygen  and  suffocates  aquatic 
life. 

b) Silage  seepage  is  much  stronger  waste.   It  burns  vege- 
tation, except  at  dilutions  greater  than  around  1:40  with 
wash  water  or  effluent. 

c)  It  may  be  desirable  to  segregate  plant  effluent  to  reduce 
volume,  yet  provide  sufficient  dilution  to  be  safe  to  use 
on  the  crop.   Silage  seepage,  unless  diluted  1:40  or  more, 
should  be  disposed  of  on  fallow  land. 

2 .  Ivhy   Irrigation? 

a)  Provides  economical  method  to  prevent  pollution  and 
eliminates  odor  nuisance, 

b)  Reduction  of  BOD  is  often  impractical  or  impossible. 
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3 .   Soil  Requirements 


a)  Well  drained,  with  high  absorption  characteristics, 
good  infiltration,  and  percolation, 

b)  Topography  -  level,  to  prevent  run-off,  erosion  and 
ponding,  resulting  in  stagnation  and  odor. 

c)  Increasing  the  land  area  and  use  of  cover  crops  will 
compensate  for  deficiency  under  a)  and  b).   Soil  en- 
countered at  Tecumseh  is  a  heavy,  poorly-drained 
Brookston  clay  which,  although  not  being  ideal,  with 
a  good  cover  crop  surprisingly  enough  has  a  fair  cap- 
acity for  water  disposal. 

Cover  Crop 

a)  Pare  soil  absorbs  10-15%  of  the  waste  that  would  be 
absorbed  with  a  cover  cropi 

b)  i'ixture  used  at  Tecumseh  as  recommended  for  local 
conditions  of  drainage,  soil  type  and  fertility: 


Kentucky  Fescue 

31 

- 

ft* 

Kentucky  Blue 

- 

3 

Red  Top 

- 

O 

»_ 

Orchard 

- 

5 

Crapire  Eirdsfoot 

-- 

5 

Ladino 

"" 

1 
24#  per  acre 

5 .   Disposal  Field  Capacity 

Capacity  of  the  Brookston  clay  soil  with  adequate  cover 
varies  from  .25  to  .5  inches  per  day  per  acre,  based  upon 
temperature,  humidity,  wind  and  rainfall:  or,  approximately 
5500  to  11,000  gallons  per  acre  per  day.   This  soil  type 
favors  ,25"  per  hour  max.  precipitation  rate,  with  1" 
maximum  application  per  lateral  setting.   Different  soils 
and  state  of  crop  growth  will  alter  the  optimum  ppt.  rate 
and  application  per-  lateral  set.  Over-application  hinders 
plant  functions,  thereby  reducing  water  utilisation,  hence 
should  be  avoided. 

6,  Irrigation  System  and  Operation 

Allowable  rate  of  precipitation  and  amount  of  application 
per  lateral  setting  are  the  limiting  factors  of  design. 
A  low  rate  of  precipitation  with  a  fine  spray  with  sprinkl- 
ers set  at  2  feet  above  ground  encourages  evaporation  which 
is  desirable.  On  heavy  soils  a  40  x  60  spacing  has  given 
a  little  better  results  than  a  60  x  70  or  60  x  60  spacing 
because  of  the  greater  uniformity  of  coverage  when  using 
a  finer  spray.   Another  practice  which  proved  effective 
was  the  on-2-hour  off-2-hour  and  on-2-hour  or  interrupted 
operation  of  the  laterals  per  a  given  setting. 
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It  is  also  desirable  to  maintain  the  pumping,  rei-orvoir  at 
no  more  than  a  1-hour  reserve,  to"  prevent  stagnation  and 
odors. 

An  operatin 
set  may  be 
for  it  serv 
what  areas 
available  I 
hydrant  and 
that  provid 
should  be  i 


2  log  giving  the  hours  of  operation  by  laterals 
utilized  to  achieve  better  water  distribution 
es  as  a  guide  to  the  subsequent  operator  as  to 
have,   sufficient  moisture  and  what  areas  are 
or  further  watering.  The  use  of  a  Tee -valve 

sub-main  for  lateral  connections  is  a  feature 
es  excellent  versatility  and  maneuverability  and 
ncorporated  in  the  design. 


The  following  is  a  brief  description  of  the  sprinkling 
system  employed  at  Tecumseh.  The  components  are  more  or 
les?  typical.   Size,  however,  would  be  dependent  upon  the 
designed  capacity  requirements.   The  effluent  in  this  c^se 
is  screened  at  the  plant  and -then  pumped  over  to  the  pump- 
ing reservoir,  where  it  is  handled  through  the  following 
component  parts : 

a)  Pumping  Reservoir 

Pit,  dug  in  the  ground  with  1:1  slope  sides  and  1  to 
2  hours  storage  capacity. 

b)  t-ump  Suction 

1.  Steel  barrel  in  bottom  of  pit  in  which  the  foot 
valve  is  inserted.  Screens  are  welded  into  the 
sides  of  drum  to  allow  water  to  enter  yet  exclude 

silt. 

2.  Foot  va]ve  to  maintain  prime, 

3.  20-ft.  of  3"  tubing,  with  2'  set  at  45°  for  foot 
valve. 

4.  5-ft.  of  3"  suction  hose  with  dresser  coupling  con- 
nections for  flexibility. 

c)  Pump 

160  GFJ'".  Q   50  psi ,  with  automatic  primer.   Also  a  drum 
of  water  connected  to  pump  to  facilitate  priming. 

d)  Kains 

4"  x  30'  main,  with  T-valves  at  ISO1. 

e)  Sub-i  :ain 

Consisting  of  a  hydrant,    2  only  4"  x  30'    tubing,   90° 
x  4"  elbow,    4x3  reducer  to   connect  to   3"  lateral. 
This  provides  3  lateral  settings  at  each  T-valvef   or 

ISO  ft. 
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Tee  Valve 
X__JOJ. 


30'      30*      _2Q'_     30 r        30'    ff 


& 


Iff 


30'/    30' 
Sub-Main 


Lateral-  >  40' 


Sprinkler«  »o 


Set   fi± 


Tee  va]  ve  L  hydrar 
/ 


#2 


*3 


f)  Laterals 

3"  x  40'  with  24"  x  1"  riser,  a  1"  x  3/4  FT  reducer  and 
3/4  male  rainbow  sprinklers  with  #  CPi'.  orifices. 


In  conclusion,  it  is  essential  that two  things  be  stressed 
in  considering  irrigation  as  a  means  of  plant  effluent  dis- 
posal, namely  the  soil  type  and  cover  crop.  These  two  fac- 
tors are  the  very  foundation  upon  which  an  irrigation 
program  must  be  designed  ,.  therein  rests  success  or  failure, 
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CURRENT  TRENDS  IN  PUTOiG  WASTE  ABATEMENT 

-  by  - 
C,  Fred  Gurnham 
Department  of  Chemical  Engineering,   Michigan  State  University 

East  Lansing,  Michigan 


The  electroplating  industry,  particularly  in  Garcia  and  the 
United  States,   England,  and  Germany,  has  long  been  aware  of  the 
necessity  for  waste  abatement.     The  highly  toxic  nature  of  many 
plating-room  effluents  causes  troubles  that  are  almost  unique 
among  industrial  waste  problems.     This  has  been  recognized  within 
the  industry,  and  practical  or  applied  research  was  initiated 
about  fifty  years  ago  (l,  2),     Organized  attacks  on  fundamental 
or  basic  problems  of  plating  wasto  abatement  are  more  recent. 
The  program  of  the  American  Elect ropla tors'   Society  is  ten  years 
old  this  year,  and  other  groups  such  as  the  British  Water 
Pollution  Research  Laboratory  have  been  conducting  reaear  -h  in 
this  field  for  about  as  long. 

Reduction  of  j^lgtg 

The  most  conspicuous  trend  or  emphasis  in  plating-room  waste 
abatement,  in  recent  years,   has  been  the   reduction  or  elimination 
of  waste  within  the  plating  room  itself,     This  trend  is  not 
confined  to  the  metal-finishing  industry,  but  is  generally  typical 
of  all  process  industries.     In  my  opinion,  this  emphasis  on  waste 
reduction  will  not  only  continue  into  the  future,  but  will 
increase.     The  elindnation  of  a  waste  at  its  source,  it  removes 
the  necessity  of  treating  or  otherwise  processing  the  vnste  for 
disposal. 

This  present-day  trend  toward  w\ste   reduction  ties  in 
closely  with  the  great  need  for  water  conservation.     Available 
water  supplies  in  most  regions  are  probably  not  actually 
dwindling,  but  they  appear  to  be  because  of  the   ever  increasing 
demands  for  water  by  industry,  municipalities,   agriculture,  and 
recreational  interests.     The  elimination  of  an  industrial  waste 
frequently  implies  the  conservation  of  an  equivalent  volume  of 
water,   hence  these  two  desirable  policies  directly  complement 
each  other, 

The  electroplating  industry,   like  many  other  wet-process 
industries,  must  use  considerable  quantities  of  water;   yet  no 
part  of  this  water  is   sold  in  the  final  product.       All  water 
purchased  or  pumped  by  the  industry,   or  by  any  single  plating 
shop  in  the  industry,   must  be  disposed  of  as  waste. 

If  metal-finishing  process  water  can  be  utilized  twice 
instead  of  once  in  its  passage  through  the  plant,   the  raw  water 
purchase  cost  is  halved  and  the  cost  of  disposal  is  also  reduced. 
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Similarly,  if  smaller  quantities  of  water  can  be  employed  for 
a  given  job,  economies  in  both  purchase  and  disposal  are 
realized.     These  accomplishments  'mist,  of  course,  be  obtained 
without  significant  sacrifice  in  product  quality.     This 
limitation  makes  the  achievement  difficult,  but  far  from 
impossible,     Oth«-r  possibilities  for  water  and  chemical 
conservation  will  occur  to  an  engineer  studying  electroplating 
wastes;     these  techniques  for  in-plant  waste  reduction  will 
comprise  the  principal  portion  of  my  discussion. 

Engineering  Design  —  Waste  Disposal 

Of  four  broad  approaches  to  plating-room  waste  abatement, 
my  first  topic  is  engineering  design.     The  factors  I   shall 
discuss  here  are  best  built  into  a  plating  plant  in  its 
original  layout,  design,  and  construction.     They  can  be  added 
to  an  existing  plant,  although  usually  at  greater  cost  than  if 
provided  originally,     Even  if  this  greater  cost  is  necessary, 
the  engineering  improvements  may  be  well  worth  while. 

In  any  wet-process  industry  ~  and  electroplating  is  no 
exception  —  multiple  sewer  systems  present  many  advantages. 
Cost  is,  however,  an  opposing  factor,  and  must  be  balanced 
carefully  against  the  merits  of  separate  sewers.     Each  plant 
is  different,  and  must  be  studied  as  an  individual  problem. 
Let  us  consider  the  hypothetical  —  and  very  unrealistic  ~ 
plant  where  cost  is  not  an  object.     What  sewer  lines  are 
desirable  under  these  Utopian  conditions?     I  shall  answer  this 
question,  and  then  relinquish  the  problem  to  you,  as  design 
engineers  for  your  particular  plants,  to  decide  how  much  my 
idealized  layout  must  be  modified  to  meet  the  demands  of 
practical  economics. 

I  would  like  to  have  ono  sewer  for  the   sole  purpose  of 
collecting  and  transporting  clean  water,  used  but  not  polluted. 
This  line  will  carry  storm  water  from  the   plant  area,   plus 
uncontaminated  cooling  waters.     Cooling  systems  are  needed  in 
several  types  of  plating  process,  and  the  used  cooling  water  is 
warm  but  not  otherwise  polluted.     These  wastes  can  be  discharged 
freely  to  a  drain  or  stream  or  sewer.     I  would  prefer  to  recover 
them  for  re-use  in  the  plant,  but  this  topic  comes  later  in  my 
talk. 

My  idealized  plant  (in  wtiich  cost  is  not  being  considered) 
will  have  a  second  sewor  line  to  carry  contaminated  process 
wastes.     These  will  include  used  rinse  waters ;    discarded 
solutions  like  cleaning  solutions,   pickles,   bright  dips,   and 
occasionally  (but  rarely,  I  hope)  a  spoiled  plating  bath;   spills; 
drippings;   floor  washings;   and  tank  wash  waters  from  plant 
cleaning  operations.     In  a  plating  plant,   this  sewer  might  have 
to  be  constructed  in  duplicate;     ono  line  for  acid  wastes  and 
one  for  alkaline.     Cyanide  wastes  should  not  be  permitted  to  mix 
with  acids,   for  obvious  reasons;  hence  the  necessary  duplication 
of  process-waste  sewers, 
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The  third  typo  of  sewer  line  in  ray  ideal  plant  vail  carry 
sanitary  wastes,   from  toilets,  wash  rowus,  drinking  fountains, 
and  the  like.     Obviously  these  should  not  enter  the  clean-water 
line.     They  should  bo  segregated  also  from  the  process  wastes, 
since  each  xnterfere3  with  treatment  and  disposal  of  the  other. 

In  addition  to  thes^  three  —  or  four  -~  main  types  of 
sewers,  I  would  like  to  add  a  number  of  special-purpose    waste 
lines.     This  multiplicity  of  pipes  may  sound  ridiculous  to  the 
old-time  plater,  who  was  accustomed  to  dumping  all  waste  liquids 
into  a  co  it  ion  sewer  with  no   regard  for  stream  pollution  or  the 
operation  of  his  municipal  sewage  treatment  plant.     Under  certain 
conditions,  of  course,  it  v.ould  be  ridiculous;  a  small,   carefully 
operated  plating  shop  in  a  large  industrial  community  may  often 
be  pernitted  to  discharge  all  its  wastes  into  the  city  sewer. 
In  large  plants,  however,  and  in  rural  areas,  the  more  complicated 
sewer  layout  is  *iot  only  necessary  but  is  often.  Justified 
economically.     Several  such,  plants  have  been  built  during  the  past 
few  years, 

Thess  special-purpose  waave  lines  that  I   speak  of  should 
preferab]y  be  called  "recovery"  lines.     A  number  of  plants  find 
it  desirable  to  collect  separately  3iich  effluents  as  rinses  from 
copper,  nickel,  and  chromium  plating,  and  to  salvage  the  metal 
and  water  content  of  these  vrastes,  by  ion  exchange,   evaporation, 
or  other  techniques.     It  is  essentia],  for  such  recovery,  that 
the  rinses  be  kept  separate,  and  not  contaminated  by  the  addition 
of  other  wastes.     Metal  recovery  from  a  mixed  plant  waste  is 
practically  impossible,  and  certainly  not  economical.     Transport 
lir.es  for  these  individual  liquids  are  not  usually  gravity-flow 
sewers;   instead,  the  spent  rinses  are  picked  up  by  pumps  from 
small  sumps  located  close  to  the  plating  tanks,  and  are  conveyed 
through  pipes,  often  overhead,  to  the  recovery  area. 

I  have  listed  for  you  a  considerable  number  of  sewer  lines 
that  I  would  like  to  see  installed  in  an  ideal  plating  plant. 
Several  large  plants  actually  use  as  many  as  I  have    suggested, 
and  find  it  definitely  advantageous  to  them.     In  other  plating 
shops,  especially  in  small  plants,    several  of  these   can  be 
omitted  because  the  economic  factors  are  different.     In  any  new 
plant  or  plant  undergoing  modification,  all  should  be  considered 
and  the  decisions  should  be  bated  on  practical  economics. 

Another  factor  of  engineering  design  that  directly  affects 
waste  disposal  is  the  process  of  waste  equalization,     Stream 
pollution  problems  and  problems  of  sewage   plant  operation  are 
more   often  caused  by  uneven  or  peak  flows  than  by  the  uniform 
discharge  oiJ  plating  wastes.     Acclimatization  of  stream  life  or 
of  treatmar --plant  microorganisms  may  be  possible  If  toxic 
wastes  are  discharged  slowly  and  3teadily,  but  the  "slugging" 
of  wastes   lan  upset  the  entire  biological  system,   often  for  a 
long  perifd  of  time.     The  plater  has  both  types  of  discharge j 
relatively  weak  and  uniform  wastes  in  his  continuously  flowing 
rinses,  f-nd  slugs  of  concentrated  wastes  in  his  periodic  or 
irregular  dumpings  of  spent  or  spoiled  solutions,  and  during 
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clean-up  periods.     Gcod  engineering  design,  even  in  a  plant  already 
built,   can  reduce  the   suddenness  and  the  severity  of  3hock 
discharges.     Proper  plant  operation  is  even  more  important  (and  will 
be  discussed  later),   but  plant  design  is  also  a  major  factor.     The 
technique  of  equalization  is  simple,  although  there  is  opportunity 
for  many  modifications  in  its  application.     Basically,  a  holding 
tank  is  incorporated  into  tho  waste  line,  in  order  to  provide  time 
for  the  dilution  of  peak  concentrations  by  the  weaker  wastes  which 
precede  and  follow  them.     Mixing  is  essential,  and  may  be  caused 
by  proper  baffling  of  the  natural  flow,  or  by  mechanical  means. 
The  time  of  detention  is  a  matter  of  engineering  calculation  and 
Judgment,     A  21  -iour  lagoon  should  provide  adequate  equalization 
for  any  situation;  space  for  this,  however,  is  rarely  available, 
and  the  designer  must  be  content  with   far  less.     Even  a  15-minute 
equalization  period,  in  wastes  as  subject  to  fluctuation  as 
plating-room  effluents,  is  worthy  of  consideration,   and  the 
designer  should  take  advantage  of  whatever  facilities  he  can  find 
or  invent. 

Engineering  Design  —  Water  Use 

The  waste  disposal  system  itself  is  not  the  only  opportunity 
for  pollution  abatement  by  the  design  engineer.     He  can  also 
contribute  by  a  study  of  water  usage,     In  this  study,  the  waste 
abatement  engineer  may  appear  to  conflict  vdth  the  plater,  berauae 
the  latter  will  not  hesitate  to  demand  large  quantities  of  high- 
purity  water  in  order  to  ensure  the  quality  of  his  plated  product. 
There  should  be  no  compromise  on  product  quality,  but  the  water 
requirements  to  achieve  quality  can  often  be  greatly  reduced. 
Let  us  consider  what  the  design  engineer  can  do  toward  this  end; 
and  why  he  should  be  concerned. 

lixcept  for  their  final  discharge  to  a  receiving  stream  or 
to  a  sewer,   all  wastes  should  be  kept  in  as  concentrated  a  form 
as  possible  at  all  times.     At  the  ultimate  plant  outfall, 
dilution  is  desirable;  but  at  any  prior  point,   as  long  as  there 
is  any  prospect  of  salvage  or  any  plan  for  treatment  of  the 
waste,  the  maximum  possible  concentration  should  be  maintained. 
Both  salvage  and  treatment  are  more  effective  and  more  economical 
with  high-strength  wastes,     This  implies  that  waste  cooling  waters 
and  other  diluent3  should  not  be  mixed  with  a  waste  stream  that 
is  to  undergo  processing;     it  means,   further,   that  the  waste 
itself  should  originate,  within  the  manufacturing  process,  in  as 
concentrated  a  form  as  possible.     The  economical  use  of  process 
water  is  an  important  factor  in  attaining  the  latter  goal. 

Most  plating-machine  operators,  and   even  some  plating- room 
foremen,   cannot  tolerate  a  partly  open  valve.     Rinse  tanks, 
therefore,   run  at  full  flow  and  full  overflow,   even  though  a  few 
gallons  per  minute  might  do  just  as  satisfactory  a  job  of  rinsing. 
This  practice  results  in  an  expensive  loss  of  water  and,   of  greater 
importance  to  our  discussion,  it  makes  more  difficult  the  task 
of  waste  recovery  or  waste  treatment.     It  is  not  sufficient  to 
tell  the  plant  people  that  wasteful  usage  of  water  is  undesirable. 
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It  is  possible,   howevur,   for  tlie    plant  engineer  to  insert 
restrictions  in  the  water  line  to  prevent  flows  greater  than  the  ■ 
necessary  rate.     I  recommend.' this  practice,  but  I     a  ition  you 
on  two  counLs:     do  not  make  the  orifice  or  other  restriction  so 
small  that  it  clogs  aid  diminishes  the  flow  too  far;   and  do  make 
provision  for  rapid  filling  of  the  tjnk  after  clean-outs  and 
other  dumpings. 

Some   plating  plants  have  solved  the  problom  of  keeping  rinse 
flows  to  a  minimum  by  using  a  control  valve  on  the  input  line, 
and  regulating  this  valve  by  conductivity  or  similar  measurements 
on  the  rinse  water.     This  technique,  when  it  can  be  employed, 
provides  a  controlled- volume  rinse  that  is  fully  automatic. 

.mother  engineering  technique  that  serves  to  minimize  rinse 
flows  is  the  use  of  spray  rinsea  directed  at  tlie   plated  work. 
As  the  work  is  lifted  from  the  rinse  tank,  it  passes  through  a 
fine  jet  or  fog  of  fresh  rinse  water,     This  provides  counter-current 
rinsing,  and  is  far  more   effective  than  simple  dip-rinsing  in  a 
tank  of  water.     The  spray   serves  also  to  maintain  the  tank  full 
of  water,  and  does  so  more  efficiently  than  a  large-volume  input 
pipe  or  hose,     a  further  refinement  of  spray  or  fog  rinsing  is 
timing  the  spray  so  it  operates  only  when  plated  work  is  being 
lifted  through  the  spray  zene,     This  permits  really  effective 
rinsing  with  minimum  water  volume.     Such  rinses  have  even  been 
employed  directly  over  plating  tanks,    provided  that  evaporation 
of  liquid  from  the  tank  is   sufficient  to  prevent  overflow. 

One   further  example  of  engineering  design  as  a  means  of 
reducing  waste,  and  also  of  salvaging  valuable  plating  chemicals, 
is  the   provision  of  adequate  drainage  time  for  plated  parts  or 
parts  in  process.     As  much   time  as  possible  should  bo  allowed  for 
drainage  and  dripping  back  into  the   process  tank,  in  order  that 
this  liquid  may  be  salvaged  instead  of  being  transferred  to  the 
rinse  water  and  to  waste.     The  time   required  for  drainage 
depends  principally  on  the  shape   and  size  of  the   plated  work, 
and  is  affected  by  solution  viscosity.     A  minimum  drainage  time 
of  15  seconds  has  been  suggested)  a  longer  period  is  often 
desirable. 

Some  plants  have'  installed  air  blasts  or  air  "wipers"  to 
remove  excess  liquid  from  plated  parts  as  they  are  drawn  up  out 
of  the  proce33  solutions.     This  is  not  such  a  powerful  blast 
that  it  scatters  solution  all  over  the  surrounding  area,  but  is 
a  gmtle  blowing  that  serves  to  dislodge  and  recover  hanging 
droplets.     The  air  blast  technique  is  not  adaptable  to  some  shapes 
and  sizes  of  plated  ware,  but  performs  an  excellent  job  on  others. 
I  have  seen  it  used,  in  the   continuous  plating- of  wire,    which  is 
perhaps  an  ideal  set-up  for  this  operation. 

Process  Change 3 

I  havo  spent,  a  large  portion  of  my  allotted  fcinifi  on 
engineering  design  ao  a  factor  in  plating  waste  abatement  becai    ■» 
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it  offers  rr.any  opportunities  for  Large  benefits.       This  is 
particularly  true  when  the  design  precedes  plant  construction, 
although  several  of  the  principles  listed  are  applicable  also 
in  an  existing  plant.     However,  there  are   other  factors,  in 
addition  to  design,   that  can  contribute  much   to  in-process 
reduction  of-  wastes.     Many  of  these  changes  can  be  adapted  to 
plating  shops  after  construction,   and  even  during  operation, 
first,   I  would  like  to  consider  modifications  in  the  actual 
plating  processes, 

Platers  have  continuously  sought,    through  their  research 
organizations,  for  new  types  of  plating  solutions  and  new 
techniques  or  processes  of  electrodeposition.     The  usual  goals 
have  been  an  improved  plated  product  or  a  more  economical 
production  procedure.      Another  goal,   lesser  but  nevertheless 
recognized,  is  curtailment  of  wator  pollution.     Some   researches 
have  be^n  directed  specifically  toward  that  end, 

A  major  contention  between  platers  and  those  whose  principal 
thought  is  anti -pollution  hay  long  been  the  cyanide  question.  The 
very  toxiu  cyanicte  chemicals  have  always  been  essential  to  some 
of  our  mo ;t  important  plating  processes.     The  plater  would  like 
to   stop  using  cyanides,    just  as  all  of  us  would  like  to  have  him 
do  so,    but  he  cannot.     There  is  no  effective  replacement. 

You  may  tell  me  that   copper,   for  example,   which  is   Commonly 
deposited  from  a  cyanide  solution,   can  also  be  plated  from  a 
copper  sulfate  bath  that  contains  no  cyanide.     This  is   true,  and 
large  tonnages   of  sulfate-electroplated  copper  (as  well  as 
electrorefin^d  copper)  are  produced  commercially.     But  the  two 
types  of  copper  plate,    sulfate  versus  cyanide,  are  vastly 
different  in  their  metallurgy,   their  physical  properties,   and 
their  uses.     It  is  a  rare  application  that  can  utilize  the   two 
types  of  copper  deposit  without  distinction.     Accordingly,    sulfate 
copper  is  not  often  a  replacement  for  cyanide  copper,  and  the 
cyanide  waste  problem  cannot  be  appreciably  reduced  by  this  uoans, 

CMier  copper  solutions  than  the  sulfate  hold  more  promise  for 
a  decrease  in  cyanide  usage.      Phosphates,   organic  amines,   and  many 
othur  copper  compounds  are  currently  being  studied,   and  some  have 
reache d  full-scale  application.      Most  of  these  have  been  developed 
by  iniividual  companies,   including  suppliers,  and  so  are  either 
secret  or  proprietory  in  nature;      this,  in  .addition  to  higher 
material  expense,   increases  the  cost  of  such   processes  for  the 
geneial  user.     For  this  reason,   together  with  technical  difficulties, 
we  do  not  expect  that  the   substitution  of  another  type  of  solution 
will  3olve  the  cyanide  problem  in  the  near  future.     I  am  sure, 
however,   that  some  platers,  probably  in  small  rural  shops,  have 
adopted  non-cyanide  plating  solutions  with  the   principal  purpose 
of  eliminating  stream  pollution, 

As  far  as  the  metal  ions  are  concerned,    there  %q  little  hope 
of  relieving  the  waste  problem  by  process  change.     Many  of  the 
commonly  plated  metals  are  about  equally  toxic,    so  there  is  little 
gain  in  substituting  one  for  another.     Furthermore,   each  metal 
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is  used  by  the  plater  because  if  performs   >\  specific  dity  and  is 
the  bent  for  that  purpose  when  all  factors  are  considered. 
Substitutions  were  in  use  during  the  war,   because  of  metal 
shortages,  but  no  one  wa3  happy  with  them,  and  I  do  not  recall 
that,  the  waste  problem  was  alleviated  in  any  instance.     All  in 
all,  I  can  offer  little  hope  for  progress  through  this  type  of 
process  change*     I  would  have  devoted  less  time   to  it,  except 
that  in  earlier  talks  and  papers,  referring  to  other  industries, 
I  have  emphasized  process  change  as  a  possible  technique  for  waste 
abatement, 

In  non-plating  processes  used  by  the  plating  industry,   such 
as  metal  cleaning  prior  to  plating,   substitute  processes 
occasionally  have  merit.     In  the   closely  related  iron  and  steel 
industry,   for  example,  waste   abatement  benefits  as  well  as  product 
improvements  have  resulted  from  sodium  hydride  descaling  as  an 
alternate  technique  for  acid  pickling.     The  hydride  process  has 
been  adopted  by  several  mills,   and  largely  eliminates  the  waste 
problem  of  spent  pickle  liquor.     This  process  can  also  be  used 
in  the   cleaning  of  metal  parts  prior  to  electroplating. 

The  plating  industry  uses  a  number  of  finishing  treatments, 
such  as  bright  dips,   that  may  cause  pollution  troubles  from  acids 
and  other  constituents.     Occasionally  in  this  field  there  is  room 
for  improvement  by  substituting  less  objectionable  chemicals  for 

those  usually  employed. 

A  different  type  of  process  change  involves  redesign  of  the 
part  being  plated,   or  of  the  method  of  racking  the  parts  for  plating. 
Consideration  should  bo  given  to  possible  changes  in  shape  or^ 
position, to  permit  better  drainage  of  solutions  after  processing, 
and  correspondingly  reduced  carryover  of  process  solutions  into 
tho  rinse  tanks,     Sometimes  very  minor  design  changes   can  result 
in  great  improvements,  both  in  waste   reduction  and  in  process 
economy.     A  classical  example  of  this  was  the   redesign  of  an 
automobile  bumper,   locating  a  bolt  hole   so  it  served  also  as  a 
drainage  hole,  which  permitted  recovery  of  about  a  pint  of  full- 
strength  plating  solution  per  bumper  plated. 

Salvage  and   Recovery 

In  the  plating  of  precious  metals,  like  platinum,   gold  and 
silver,  waste  recovery  has  been  practised  for  years.     With  the 
more  common  metals,   which  are  plated  in  much  larger  volume,   this 
has  not  been  true.     Recently,  however,    for  a  number  of  different 
reasons,  a  definite  trend  toward  the   salvage  of  materials  has  been 
evident.     These  reasons  include;     increased  knowledge  of  recovery 
processes,    savings  due  to  metals  and  metal  salts  salvaged,  improved, 
economy  in  water  consumption,    and,   of  very  real  and  practical 
importance,  abatement  of  pollution. 

I  have  already  pointed  out  that  wastes  which  are  to  be  processed 
for  salvage  and  recovery  should  bo  kept  separate  from  all  other 
wastes.     Lot  me  re-emphasize  this   fact.     It  is  practically  impossible, 
and  certainly  not  economical,   to  salvage  nickel,   for  example,   from  a 
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mixed  waste  of  nickel,   copper,    aid   chromium.     The  further 
incorporation  of  floor  sweepings  :md  sanitary  swags 
complicates  the  picture  even  further,, 

Byproper  desvgn  and  operation  of  the  rinsing  step,  most 
of  the   chemicals  lost  from  plating  tanks  by  drag-out  on  the 
plated  work  can  be  salvaged  and  re-used,     k  still  rinse  or 
standing  rinse  should  bo  provided  for  the  first  dip  after 
each  plating  step;   for  example,   after  chromium  plating.     In 
theory,   this   rinse  will  gradually  increase  in  concentration 
until  (at  infinite   time)  it  is  equal  to  the  plating  solution. 
In  practice,    tlis   standing  rinse  water  is  transferred  into  the 
plating   tank  as  rapidly  as  possible,  to  make  up  for  evaporation 
and  other  losses.   A'ho  chromic  acid  or  other  plating  chemicals 
are   thereby  salvaged,   with  an  obvious  economic  advantage  as  well 
as  the  benefit  that  they  are  kept  out  of  the  waste  stream.     As 
liquid  is  removed  from  these  save-rinse  tanks,  it  is  replaced 
with  fresh  water  or,  better,  with  overflow  water  from  the  rinse 
tank  next  in  series. 

Evaporation  techniques  are  being  employed  at  a  number  of 
plants  for  the  concentration  and  recovery  of  plating  rinse 
waters.   Thi3  is  particularly  desirable  when  vaporization  losses 
from  the   plating  solution   are  not  large,   and  only  small 
quantities  of  make-up  water  can  be   used.     Multiple  rinse  tanks 
with   ccuntercurrent  flow  provide   an  overflow  liquor  of  reasonable 
concentration  for  charging  to  an  evaporator.     Tho  partially 
evaporated  or  concentrated  product  can  b e  returned   to  the  plating 
tanks,   to  furnish  make-up  of  both  water  and  plating  chemicals. 
Some  plants  h;v>  o.icountered  opposition  from  their  plating  foremen 
to  such  returned  liquors,  but  tho  fact  that  no  difficulties  were 
experienced,  plus  the   obvious  economic  advantages,  scon  over;  ane 
this  dissent, 

Chromium  rinses  were  probably  the   first  typu  of  plating  waste 
to  be  reclaimed  by  evaporation.     Glass-lined  equipment  is 
generally  used;   this  is  expensive,  but  the  salvaged  materials 
rapidly  amortize  the   original  investment.     More   recently, 
evaporation  has  been  used  to  concentrate  rinses  from  nickel 
plating  and  from  tho  cyanide  plating  of  copper,   zinc,  and  cadmium. 
Vacuum  evaporators  are  commonly  used  and  multiple-effect 
evaporation  i3  often  important  economically,   because  it  needs 
no  softening  or  other  treatment  before  re-uso.     Condensate  from 
chromium  rinse  evaporation  may  contain  a  small  content  of  chromate 
ion,  resulting  from  carry-over  in  the  evaporator;    this  is  not 
high  enough  to  interfere  with  its  re-use  for  rinsing.     In  at 
least  one  plant,    such  condensate  has  been  utilized  for  boiler 
make-up,   where  the    chromate   serves  as  corrosion  inhibitor. 

Use  of  ion-exchange  techniques  for  the  recovery  of  plating 
chemicals  from  rinses  is  becoming  wide-spread  in  the  United  States, 
Copper  and  nickel  salts  a  re   salvaged  by  this  method  in  many 
plants*     Ion  exchange  waj  forme  rl,r  not  suitable  for  treating 
chromate  solutions  because  these  oddixod  and  destroyed  the 
ion-exchango  resins,     Recent  research  has  resulted  in  chromate- 
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resistant  resins,   so  chromate  recovery  and  concentration  is  now 
possible.     Furthnrmore,   such  resins  cm  be  used  to  remove 
unwanted  contaminating  ions   from  chromate  solutions,  permitting 
longer  use  of  the  chromate s,   as  in  anodizing.     Ion  exchange  has 
been  investigated  for  cyanide  recovery,   but  this  is  not  yet 
successful  on  a  commercial  s cale .     The  principal  problems  are 
poisoning  arid  clogging  of  the  resin  bed,  precipitation  of  metals 
within  the  bed  from  metallocyanide  complexou,   and  the  fundamental 
fact  that  hydrocyanic  acid  is  a  weakly  ionized  material, 

It  is  onlyf  rtir  to  point  out   that  the   capital  investment 
required  for  plating  waste  recovery  may  bo  greater  t han  the 
corresponding  cost  of  a  plant  for  treatment  by  destruction  of  the 
waste.     However,  it  is  equally  important  to  mention  the  financial 
benefits  that  are  realized  in  operating  costs,  due  to  credit  for 
re-usable  plating  chemicals  and  water.     In  many  installations, 
the  original  cost  has  been  paid  off  rapidly  by  these   savings. 

Occasionally  some  constituent  of  a  waste  stream  can  be 
recovered  as   a  by-product,  even  though  it  cannot  be  salvaged  for 
re- use  in  the  process.     Contamination  by  mixed  wastes  may 
prohibit  ro-uue,   but  need  not  prevent  reclamation  in  some  other 
form.   ?or  example,  several  cojnpanj.es  have  considered  treating 
chromate  wastes  with  barium  hydroxide  or  other- barium  salt  to 
precipitate  barium  chromate.     This  material  is  a  valuable 
yellow  pigment,  used  in  the  paint  and  ink  industries.     I  do  not 
believe  that  sales  to  pigment  companies  have  been  accomplished, 
but  this  is  the  type  of  by-product  recovery  that  merits  further 
study. 

Other  industries  sometimes  reduce  their  waste  problems  by 
re-using  spent  chemicals  for  some  down-graded  application  in  the 
process.     The  petroleum  industry,   as  an  example,  uses  and  re-uses 
caustic  soda  for  several  different  purposes  before  it  is  discarded, 
I   cannot  think  of  any  good  opportunities  for  this  practice  in  the 
plating  industry,  but  I  hope  further  study  will  be  given  to  it. 
Perhaps  some  of  the  stronger  spent  acids  3uch  as  pickles  and 
bright  dips  can  be  used  for  weak  acid  dips  after  caiujtic  cleaning; 
although  contamination  by  unwanted  metal  ions  is  a  dangerous 
possibility.     At  the  least,  waste  acids  and  alkalies  can  be 
employed  to  neutralise  each  other  before  discharge. 

Water,    of  course,    can  be   re-u3od  several  times  in  the   plating 
shop,   even  without  intermediate  purification.     Used  cooling  water, 
for  example,   has  no  contamination  except  on  increase  in  heat 
content,   and  the  higher  temperature  may  be  an  advantage  if  the 
water  ia  used  for  rinsing.     Countercurrent  flow  of  rinse  water 
through  a  aeries  of  tanks  has  obvious  advantages,    and  has  been 
mentioned  previously. 

Good  Housekeeping 
My  last  topic,   good  housekeeping,  has  less  romantic  appeal  — 
less  glamor  —  than  methods  for  waste  reduction  already  discussed; 
engineering  design,   process  alterations,  and   the  recovery  of 
materials  and  by-products,     To  the  uninitiated,  good  housekeeping 
may  even  sound  somewhat  3i3sified.     To  the  experienced  industrial 
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nan,   this  is  not  so;    since  he  recognizes  the  complexities  as  well 
as  the  simple  factors  of  good  housekeeping,  and  the  very  tangible 
benefits  realized  from  its  practice.     Thn  food  and  drug 
manufacturers  maintain  and  boast  of  their  housekeeping  activities 
for  sanitary  objectives;   platorj  and  othor  industries  have  not 
this  same  incentive,   but  should  take   pride  in  a  neat  and  clean 
plant  as  a  part  of  their  good-neighbor  policy  in  the  community. 

Good  housekeeping  in  any  company  involves  all  of  the  company's 
employees.     There  are   problems  in  plant  operation,  in  engineering, 
and  in  administration.     Without  group  effort,  the  goal  is 
unattainable . 

Typical  of  poor  housekeeping  in  the  plating-room  is  the 
spilling  of  process  solutions,   so  they  enter  the  waste   stream. 
The  old-time  plater  considered  spills  an  inevitable  part  of 
plating  work;  modern  industry  will  not  tolerate  them.     I  do  not 
mean  to  saj-  that,  spills  no  longer  occur  —  we  have  not  reached 
that  Utopia  —  but  spills  are  regarded  as  mistakes;   mistakes,  if 
foreseeable,    can  be  prevented;   and  if  a 'mistake  or  a  spill  does 
occur,   because  no  one  could  or  did  foresee  it,  there  is  certainly 
no  excuse  for  a  second  e  rror.     Que  helpful  practice,    long  used 
in  the  petroleum  and  chemical  industries  and  now  becoming  common 
in  plating,  is  the  construction  of  curbs  or-  dikes  around  possible 
spill  areas  to  prevent  the  escape  of  process  liquids. 

Common  causes  of  spills  in  the  plating  room  include  tipping 
of  small  tanks,  breakage  of  bottles  and  other  fragile  containers, 
slopping  of  liquids  during  transport,   and  overflowing  of  process 
vessels.     All  of  these,  and  of  other  un-named  causes,   are  avoidable. 
The  process  and  design  engineers  have  a  part  of  the  responsibility; 
they  con  plan  tanks  that  will  not  tip,    choose  container  materials 
that  resist  breakage,   plan  piping  and  pumping  systems  to  get  rid 
of  manual  transportation  of  chemicals,  and  install  float  valves 
or  alarm  systems  to  prevent  overflows.     The  operator  lias  his  part, 
much  of  which  is  obvious.     No  engineer  can  design  a   safety  system 
which  will  resist  forever  the  persistent  attack  of  fools  and 
ingenious  operators.     Plating- room  foremen  and  others  of  the 
administrative  staff  have  their  task  in  everlastingly  keeping 
themselves  and  everyone  else  on  their  toes  to  prevent  spills  and 
other  accidents.     This  is  largely  a  job  of  persuasion,   as  the 
modern  plant  operator,  with  his  independent  attitude,   does  not 
take  kindly  to  orders  unless  he  understands  the    reasons  behind 
them. 

Another  example   of  poor  housekeeping  is  persistent  dripping 
and  leaking.     Drips  and  leaks  are  bound  to  occur,  but  they  should 
be   corrected  promptly,   and  in  as  permanent  a  manner  as  possible. 
It  is  the  maintenance  department's  job  to  mike  the  repairs,  but 
it  is  the  duty  of  the  machine  operator  and  of  all  other  people 
to   report  the  faults  as  soon  a s  they  are  observed.     Routine 
inspection  and  maintenance  of  known  trouble-spots  is  a  good  idea, 
especially  because  it  may  correct  trouble  before  it  actually 
occurs;   but  tlds  does  not  eliminate  the  responsibility  of  all  to 
keep  a  constant  lookout  for  leaks. 
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Dripping  from  work  in  process,   as  it  passes  between  tanks, 
can  usually  be  overcome  by  drip  pans  spanning  the  region  between 
tanks  and  pitched  to  return  collected  liquid  to  the  tank  from 
which  it  came.     Dripping  may  also  occur  from  tank  ventilation 
systems,   particularly  from  gassy  plating  process  that  cause  a 
heavy  mist  of  droplets  to  form  over  the  solution.     It  is  easy 
to  oay  that  proper  design  of  the  ventilating  system  and  air  ducts 
will  prevent  such  drips;  it  is  better  to  be  prepared  for  small^ 
inadequacies  in  the  design  and  to  collect  or  correct  the  dripping 
if  and  when  it  occurs. 

Leaks  can  occur  at  »any  points  —  all  bad,     Packing  glands 
of  pump  and  agitator  shafts  are  bound  to  leak  at  times,  and  can 
be  cared  for  by  a  regular  routine  of  proventive  maintenance. 
Corrosion,  erosion,  temperature  changes,  and  other  effects  can 
cause  leaks  at  many  points  in  the  process  liquid  system.     These 
cannot  always  be  anticipated,  and  only  constant  surveillance 
will  keep  them  to  a  minimum, 

I  have  spoken  of  the  desirability  of  maintaining  a  clean 
plant j  this  implies  the  necessity  for  occasional  clean-up 
operations.     The  cleaning  process  may  itoelf  be  a  major  source 
of  industrial  waste  and  a  cause  of  stream  pollution  unless  it  is 
properly  planned  and  controlled.     Floor  washing,  and  cleaning 
of  the  outsides  of  tanks  can  be  done  frequently  enough  and  at 
such  staggered  intervals  that  pollution  from  these  sources 
is  usually  minor.     If  a  waste  treatment  plant,  even  an  equalizing 
basin,  is  available,  these  wash  waters  should  of  course  pass 
through  it,     A  greater  problem  arises  from  periodic  —  perhaps 
semi -annual  —  cleaning  of  the  insides  of  plating  and  process 
tanks,  including  the  removal  of  dirt,    sludges,    3cale,   corrosion 
products,   and  plated  parts  that  have  fallen  into  the  tanks, 

A  recommended  technique  for  cleaning  plating  tanks  involves 
pumping  the  completo  contents,  including  movable  sludge  and  such 
wash  water  as  is  necessary,  to  a  temporary  holding  tank  of 
adequate  capacity.       This  liquid  is  allowed  to  settle  while  the 
plating  tank  receives  a  thorough  cleaning,  including  Lcraping, 
removal  of  heavy  sludge,  and  any  other  operations  that  are  needed. 
The  settled  liquid  is  then  pumped  back  to  the  plating  tank, 
usually  through  a  filter  to  remove  solids  that  escapod  settling. 
Addition  of  a  small  amount  of  plating  chemicals  may  be  required, 
to  make  up  for  dilution  caused  by  the  wash  water.  Sludge  and 
liquid  remaining  in  the  holding  tank  can  be  processed  more 
leisurely,  by  one  or  another  recovery  technique  or,  if  necessary, 
by  treatment  to  destroy  it  as  was be. 

Treatment  and  Dis-posal 

I  promised  earlier  that  I  would  devote  most  of  my  talk  to  the 
in-plant  and  in-process  reduction  of  plating-room  wastes,   and  I 
have  done  so.     To   some  degree,   this  is  the  viewpoint  of  the 
chemical  engineer,  in  contrast  to  that  of  the  sanitary  engineer, 
who  is  primarily  concerned  with  discharge  of  the  wastes  and  their 
effect  on  streams  and  on  other  wastes,     I  do  not  wish  to  belabor 
this  distinction,  however,   since  it  is  largely  artificial.     But 
let  me,  before  I  close,   spend  a  few  minutes  on  the  treatment  and 
disposal  of  plating  wastes. 
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Knowledge   regarding  the   treatment  or  destruction  of 
electroplating  wastes  continues  to  advance  steadily  each  year. 
There  have  been  no  spectacular  changes  in  commercial  practice 
in  recent  years;   present  techniques  perforin  an  adequate  duty, 
although  at  some  expense.     Chlori nation  remains  the  most  common 
process  for  destroying  cyanides;   it  is  best  conducted  in  the 
absence  of  unnecessary  metals,  especially  nickel.     This  can  be 
done  only  by  segregating  cyanide  wastes  within  the  manufacturing 
plant  —  a  desirable  practice  for  other  reasons  as  well. 
Research  studies  on  cyanide  oxidation  by  means   of  ozone  or  by 
biological  treatment  have   shown  promise,  but  widespread  adoption 
of  these  methods  on  a  commercial  scale  is  for  the  future.     Metal 
salts  that  cannot  be  salvaged  economically  are   commonly  removed 
from  the  waste   stream  by  precipitation  with  alkali;   this  procedure 
has  been  used  for  years.     Chromate  wastes  from  chromium  plating 
and  anodizing,   if  not  recoverable,    can  be  chemically  reduced  and 
precipitated,, 

Municipal  sexver  authorities  show  greater  willingness  to 
tolerate  plating -room  waste  in  sewage  than  they  did  a  few  years 
ago,  This  may  be  in  part  a  growing  acceptance  of  industry  as  a 
partner  in  the  community,   and  recognition  of  inudstry's  tax 
payments  as  a  major  factor  in  municipal  economics. 

Metal-finishing  wastes  intended  for  disposal  to  city  ,'twers 
must  continue  to  be  regarded  with  respect  and  perhaps  suspicion. 
Their  toxicity  may  affect  the  secondary  treatment  of  sewage,   the 
digestion  of  sewage  sludge,   or  the  receiving  stream  at  the  sewage 
plant  outfall.     Adequate  dilution  at  all  points  in  highly 
important;  this  is  most  readily  accomplished  if  waste  reduction 
is  practiced  in  the  manufacturing  process,   and  if  pretreatiaent 
by  equalization  and  neutralization  is  provided  before  discharge 
into  the  sewers, 

Disposal  of  plating  wastes  directly  to  natural  waterways 
is  even  more   critical  than  when  dilution  by  s ewage  is  possible, 
To;ijity  is   again  the  important  criterion,   and  adequate  dilution 
must  be  provided  under  rigorously  controlled  conditions.     Sural 
plants,   wld.cn  have  no   choice  except  discharge  to  a  water-course, 
must  generally  employ  extreme  measures  for  in-plant  elimination, 
and  must  then  follow  up  with  a  treatment  plant  to  destroy  those 
wastes  that  cannot  be  prevented. 

Conclusion 

Treatment  operations  and  final  disposal  of  metal-finishing 
wastes  both  emphasize  the  importance  of  eliminating  or  at  least 
reducing  the  wastes  at  their  points  of  origin,     In-plant  waste 
abatement  aids  both  the  economics  and  the  efficiency  of  treatment 
and  disposal  steps.     It  is  also  an  aid  to  overall  plant  economy, 
since  reduction  in  waste  means  reduction  in  operating  costs.     My 
intended  emphasis  that  industry  as  a  whole  is  giving  to  pollution 
abatement,   are  both  on  waste  reduction  by  means  of  proper 
engineering  design  and  water  usage,   process   changes  if  these  are 
possible,    salve^e  and  recovery  of  useful  constituents  in  waste 
streams,  good  plant  housekeeping,   and  all  other  possible 
improvements  in  the  manufacturing  plant. 
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intimates  based  on  ''population  equivalents"  (l)  rate  indus- 
trial wastes  as  responsible  for  more  than  twice  as  much  stream 
pollution  in  the  tt.S,  as  municipal  sewage  discharges.   It  has 
been  further  estimated  that  between  1950  and  1975  population  will 
increase  by  about  one  third  and  industrial  production  will  double. 
Estimates  by  chemical  industry  (2)  of  future  expansion  make  these 
statements  on  industrial  growth  seem  highly  conservative.   Pro- 
duction increase  will  obviously  be  accompanied  by  increasing  use 
of  water. 

The  future  growth  -'of  water  ure  is  likoly  to  occur  in  a  frame- 
work of  shrinking  availability  of  surface  water.   Supplementary 
irrigation  in  arccs  which  formerly  depended  solely  on  rainfall 
is  increasing  rapidly.   This  consumption  of  water  occurs  during 
dry  summer  periods,  when  most  streams  have  their  lowest  flow  of 
the  year,  and  it  has  been  estimated  (3)  that  it  can  use  the 
entire  flow  of  many  streams,  even  if  only  a  small  fraction  of  1% 
of  the  land  in  a  watershed  is  irrigated. 

i.unicipal  use  of  water  is  increasing  faster  than  population. 
Thus,  the  average  urban  dweller  now  uses  150  gallons  of  water 
daily,  whereas  30  years  ago  he  used  only  20  gallons  (4).   Recre- 
ational use  of  water  is  harder  to  assess,  but  both  increased 
leisure  time  and  increased  income  are  causing  the  public  to  demand 
more  water  resources  for  recreation. 

Requirements  for  discharge  of  wastes  to  surface  waters  will, 
of  neces'sity,  become  increasingly  critical,  and  one  of  the  most 
critical  items  is  likely  to  be  the  taste  and  odor  imparted  to 
water  by  organic  materials  in  wastes.   In  194$  there  were  422  water 
plants  in  the  U.S.  serving  communities  having  populations  in 
excess  of  25,000;  133  of  these  communities  with  a  population  of 
about  14, 000, 000  included  some  provision  for  trste  and  odor  control 
in  their  water  plants  (5).   In  1954,  there  were  570  water  plants 
serving  communities  having  populations  in  excess  of  25,000;  201 
of  these  plants  serving  about  3/.;,000,000  people  included  facilities 
for  t'>ste"  and  odor  control  (6).   This  well  defined  trend  in  water 
plant  facilities  and  practise  clearly  indicated  the  rapidly  in- 
creasing pressures  ana-  costs  borne  by  water  plants  because  of 
impairment  of  raw  water  quality  ty  odorous  material. 

The  total  trste  and  odor  problem  has  many  facets.   A  severe 
and  sustained  drought  forced  Dallas,  Texas  to  supplement  a  norm- 
ally adequate  municipal  waier  source  with  unsuitably  salty  water. 
The  same  drought  caused  Chanute,  Kansas  to  fall  back  on  treated 
sewage  effluents  as  a  raw  water  supply  in  order  to  keep  water  in 
its  faucets.   The  tainting  of  fish  flesh  by  chemicals  in  surface 
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waters  is  another  type  of  taste  and  odor  problem.   In  streams 
and  Takes  the  biological  synthesis  of  chemicals  causing  teste  and 
odor  is  becoming  more  important  because  of  man-caused  increases 
in  stream  fertility.  These  are  all  matters  for  serious  concern. 
This  discussion  will,  however,  limit  itself  largely  to  consider- 
ation of  chemical  impairment  of  water  quality  for  municipal  or 
industrial  use. 

Sources  of  Tastes  and  Odors 

Odors  may  be  attributed  to  chemical  materials  produced  by 
biological  growths  ind  to  the  presence  of  organic  pollutants  or 
other  objectionable  matter  naturally  present  in  the  water.  The 
distinction  is  not  clear-cut  as  the  introduction  of  a  polutant 
nay  / reatly  stimulate  the  t-  rowth  of  objectionable  organisms. 
Chemical  oxidation  of  carbonaceous  material  Increases  the  supply 
of  carbon  cioxide,  which  stimulates  organic  growth.  Nitrogen 
and  phosphorus  from  sewage  also  stimulate  the  growth  of  photo- 
synthetic  organisms. 

Incredibly  small  amounts  of  many  odorous  materials  can  cause 
sensory  stimulation.   Experiments  in  the  SbC  laboratories _ have 
frequently  yielded  a  detectable  odor  from  recoverec  materials 
in  concentrations  of  2   part-:  ;.er  btllion  and  less.   Sometimes 
materials  hive  been  isolated  tout  ■■,r.icr':unatoly  not  identified) 
which  could  be  detected  by  o:;or  in  concentrations  as  low  as  10 
parts  per  trillion.   Very* substantial  odors,  therefore  can  be 
caused  by  extremelv  minute  amounts  of  such  material.   In  terms 
of  quantities  that  ire  aasier  to  visualise,  a  single  tea  spoonful 
of  pollutant  can  impart  odor  to  1  million  gals-  of  water. 

Utilizing  adsorption  and  extraction  techniques  for  concen- 
trating the  odorous  organic  pollutants  of  drinking-water  supplies v 
it  has  :<ean  found  that  neutral  compounds  are  usually  the  most 
abundant;  odorous  organic  pollutants.  These  neutral  organic  mat- 
erials usually  hove  internee  tastes  and  odors.   The  second  most 
abund-nt  group  of  odorous  materials  is  usually  the  organic  acids, 
which  also  have  intonse  odors  and  tastes.   Small  quantities  of 
other  materials  have  been  recovered,  including;  organic  bases  lwhir;< 
may  have  a  tobacco-like-  odor)  ,  water-soluble  compounds  (which  fre  • 
quently  have . caramel-like  odors),  and  a  group  usually  referred  to 
as  the  ''weak  acids1',  v.hich  include  phenolic  compounds,  if  they  ar^ 
present  in  tho  water. 

Phenolic  compounds  are  present  infrequently  and  have  prob-  _ 
ably  teen  over-emph;  sized  because  they  are  one  of  the  few  materia.: 
detectable  by  analytical  technioucs  generally  available  in  water 
plant  laboratories.   Before  chlorination ,  commonly  occurring 
phenolic  materials  have  but  little  taste  or  odor.   Ordinary  chor- 
ination  of  these  materials  £ reatly  increases  the  taste  and  odor; 
free  residual  chlorination  destroys  the  odor. 

Characteristics  of  Tastes  and  Odors 

Odors  are  subject  to  sersonal  cycles.   Industrial  pollutants 
show  reasonably  well-defined  patterns  of  behavior  and  may  be  di- 
vided into  two  general  categories,  depending  upon  whether  they 
are  susceptible  or  resistant  to  biological  destruction  during 
transportation  in  surface  waters. 


].  with  pollutants  subject  to  biologies 1  destruction,  odor 
intensity  is  likely  to  reach  a  peak  during  the  winter  months. 
Unless  the  water  plant  is  immediately  adjacent  to  the  source  of 
pollution,  the  p«w*k  winter  odor  intensity  is  likely  to  occur  when 
the  river  undergoes  a  moderate  rise,  especially  after  a  period 
of  low  water.   This  is  caused  by  a  combination  of  scouring  of 
bottom  deposits  and  more  efficient  transportation  of  dissolved 
materials.   Although  the  rise  in  the  river  increases  the  amount 
of  dilution  water,  the  reduction  in  the  time  of  travel  between  the 
source  of  pollution  and  the  point  of  water  consumption  is  likely 
to  result  in  an  over-all  increase  in  the  amount  of  odor-producing 
material  reaching  the  water  plant  inlet,   where  a  river  freezes 
over  solidly  end  oerhaps  becomes  anaerobic  in  certain  area,  max- 
imum odor  loads  may  occur  during  low-flow  periods  in  the  winter. 

2   Borne  pollutants  are  resistant  to  destruction  during  trans- 
oortation  in  surf.-ce  Haters.   (Fortun:  tcly,  few  odorous  materials 
of  industrial  origin  are  in  this  group.)   -hen  a  water  source  is 
polluted  by  such  materials,  maximum  odor  difficulty  or  other  dis- 
turbance may  accompany  any  low-flow  period. 

Algal  blooms  or  spurts  of  microbiological  growth  frequently 
have  a  definite  seasonal  incidence  and  can  be  expected  at  reason- 
ably vfeli'-CBfined  periods  at  each  locality .   Local  and  regional 
experience  is  the  best  guide  available  and  should  be  fully  explored 

Sometimes  algal  growth  and  industrial  pollution  may  take 
turns  as  the  dominant  nuisance  in  a  particular  situation.   In  one 
water  plant  studied,  phenol  from  a  nearby  refinery  is  present 
throughout  the  year,  and  there  is  usually  a  very  definite  chloro- 
phenolic  taste  in  the  water.   At  certain  times  of  the  year,  how- 
ever, algal  blooms  cause  tastes  p-nd  odors  of  such  intensity  that 
the  phencl  odors  are  not  noticed. 

The  river  flush-out  is  sometimes  the  cause  of  acute  taste 
and  odor  problems  as  well  as  other  stream  disorders.   For  example, 
it  was  recently  observed  (?)  that  organic  wastes  from  a  refinery 
were  not  transported  by  the  receiving  stream  and  apparently  were 
subject  to  bottom  storage  with  very  incomplete  self -purification. 
Periodic  river  rises  flushed  out  the  bottom  deposits.   In  our 
experience  some  of  the  most  severe  water  quality  problems  have 
been  frequently  associated  with  the  first  river  rise  after  a  long, 
drv  spell  with  the  accompanying  flush-out  of  poliutional  material 
retained  in  bottom  deposits.   It  is  believed  that  such  incidents 
are  sometimes  wrongly  attributed  to  industrial  spillage  or  dumping. 

The  taste  and  odor  of  a  ivw  water  presents  a  problem  at  the 
water  pl.-nt  which  must  be  faced  on   several  fronts,   'lhese  include 
the  following  considerations*. 

1)  The  water  must  be  made  palatable  and  acceptable 
to  almost  the  entire  using  population. 

2)  Surface  sup;, lies  must  be  disinfected  to  give  water 
of  satisfactory  bacteriological  quality. 

3)  The  cost  of  high  quality  water  must  be  compatible 
with  the  ability  of  the  community  and  its  industrial 
consumers  of  "city'  water  to  pay  for  the  water. 
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The  control  of  water  qualify  fej  wr.tcr  .roatncnt  has  been 
discussed  recently  by  httia^er  and  I'^iridleton  (3)  and  presentation 
of  this  material  is  beyond  the  scope  of  the  present  discussion. 
It  is  appropriate,  however,  to  discuss  simple  approaches  to  the 
evaluation  of  the  odor-producing  potential  of  organic  wastes. 
To  do  this  intelligently  it  is  necessary  to  take  at  least  nominal 
cognizance  of  the  nature  of  water  treatment  procedures  currently 
in  use. 

'later  supplies  tahen  from  surface  sources  subject  to  pol- 
lution almost  invariably  are  chlorinated  and  the  taste  and  odor 


o 
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he  water  after  chlorination  become  important  factors.   Chlorine 
frequently  rercts  with  organic  material  to  develop  or  decrease 
odor,   when  this  occurs  the  odor  intensity  will  vary  with  the 
amount  of  chlorine  added.   Schematic  presentation  of  this  pattern 
of  behavior  is  shown  in  Figure  1.   The  reactions  occurring  between 
chlorine  and  waste  components  are  sometimes  influenced  by  dilution. 
Since  water  treatment  plants  cannot  handle  extremely  polluted 
water  such  as  an  industrial  waste  stream,  the  organic  waste  under 
consideration  should  be  suitably  diluted  to  concentration  levels 
approximating  those  handled  by  a  severely  loaded  water  plant. 
Chlorine  reactions  produce  acid,  making  it  desirable  to  buffer 
the  solution  being  chlorinated  with  sodium  bicarbonate,  thus  sim- 
ulating the  b i carbonates  which  buffer  natural  waters.   In  large^ 
water  distribution  systems,  a  long  period  elapses  between  the  time 
water  leaves  the  treatment  plant  and  the  time  it  reaches  the  most 
distant  consumer.   Odors  which  acvelop  in  a  water  distribution 
system  as  the  result  of  slow  reactions  between  residual  chlorine 
ana  organic  contaminants  must  be  given  due  consideration. 

Odor  is  necessarily  a  subjective  quantity,  amenable  to  meas- 
urement and  interpretation  only  in  terms  of  people.   This  requires 
that  odor  test  procedures  ana  their  interpretation  be  bases  on 
the  characteristics  of  the  reactions  of  people  to  odors    Figure 
2  shows  a  log-probability  chart  of  the  variation  in  the  amount 
of  a  specific  chemical,  n-butyl  alcohol,  required  to  give  a  de- 
tectable odor  in  a  series  of  7^5  tests  made  by  33  water-plant 
operators  over  a  five-month  period.   This  chart  leads  rather  simply 
to  certain  interpretations*   In  reaction  to  the  n-butyl  alcohol, 
the  most  sensitive  five  dot   cent  of  the  population  is  at  least 
seventeen  times  as  sensitive  as  the  least  sensitive  five  per  cent. 
The  'Tifty-per  cent"  man,  or  median  observer,  has  less  than  one- 
quarter  the  sensitivity  of  the  most  sensitive  five  per  cent,  and 
is  more  than  four  times  as  sensitive  as  the  least  sensitive  five 
per  cent  of  the  population. 

Obviously,  any  attempt  at  quantitative  appraisal  of  odor 
requires  a  large  random  group  of  observers,  or  e   panel  of  several 
people  selected  because  they  show  at  least  reasonably  good  cap- 
acity for  odor  detection  in  general.   The  most  meaningful  value 
with  a  small  panel  is  the  panel  median  T.O.   Use  of  the  "median" 
prevents  one  unusually  dull  or  unusually  sensitive  observer  from 
throwing  the  panel  results  too  far  one  way  or  another.   If  a 
mean  is  used  it  should  be  the  geometric  mean. 

There  is  no   real  advantage  in  attempts  to  characterize  odor- 
strength  too  precisely.   In  the  laboratories  of  the  Sanitary 
Engineering  Center  we  do  not  attempt  to  differentiate  between 
odor  intensities  of  solutions  that  differ  by  a  concentration 
factor  of  less  than  two. 
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Observers  have  further  characteristic.-,  wtiish  require  con- 
sideration in  a  prescribed  test  procedure.  They  tend  to  lose 
sensitivity  when  asked  to  detect  a  trace  of  a  material  after  expos- 
ure to  a  gross  quantity  of  the  same  material.   Because  observers 
are  suggestible,  it  is  difficult  to  secure  an  impartial  judgment 
without "asking  the  observer  to  discriminate  between  unknowns  and 
a  blank.   Fatigue  and  boredom  combine  to  make  observers  less 
sensitive  and  more  erratic  during  prolonged  odor  observations. 
Farther  details  of  our  ideas  on  odor  and  taste-testing  protocol 
have  been  described  elsewhere  (9)  and  need  not  be  repeated  here. 

Another  facet  of  the  problem  of  assaying  the  odor-producing 
potential  of  wastes  lies  in  the  question  of  whether  or  not  odors 
are  additive.  To  over-simplify,  assume  (1)  a  chemical  plant  has 
only  two  odorous  plant  waste  streams,  one  of  which  contains  only 
an  organic  alcohol,  and  a  second  which  contains  only  a  pyridine 
base;  (2)  that  the  total  plant  stream  enters  a  body  of  water  in 
which  neither  compound  will  be  sufficiently  concentrated  to  give 
a  detectable  concentration  on  the  basis  of  concentration  in  the 
waste  stream. 

Questions  to  be  answered  ere: 

a)  Are  the  waste  streams  unimportant  in  terms  of 
stream  odors  since  they  will  be  present  below 
threshold  concentration? 

b)  Can  both  waste  streams  together  give  the  stream 
an  odor  increase  if  neither  one  can  do  it  alone? 

Assuming  that  chemical  reactions  are  not  involved,  the  answer 
to  the  questions  above  lie  in  the  determination  of  whether  odors 
stimuli  by  unrelated  individual  materials  are  additive  and/or 
synergistic  or  whether  they  are  non-additive  and/or  antagonistic. 

If  it  be  assumed  that  the  threshold  concentration  of  material 
A  is  "a"  and  the  threshold  concentration  of  material  3  is  "b"  the 
question  posed  by  the  statement: 

a  +  b  I   TOO 
2   2  < 

where  TOG  is  the  threshold  odor  concentration. 

Investigation  of  this  question  is  just  getting  well  under 
way  in  the  SX   laboratories.   So  far  we  have  measured  human  res- 
ponse to  odor  stimuli  by  combinations  of  two  and  three  specific 
chemicals  at  a  time,  but  'only  a  limited  number  of  chemicals  have 
been  investigated.  To  date  our  findings  give  the  answer: 

§  +  k  m  too 

2   2 

lie   have  little  reason  to  believe  that  this  finding  will  not 
hold  up  in  most  circumstances  and  it  represents  the  best  basis 
presently  available  for  considering  the  questions  involved.   In 
words,  the  mathematical  notations  say  that  human  sensory  response 
to  individual  odorous  chemicals  in  a  mixture  is  at  least  additive 
and  that  it  may  be  greater  than  an  additive  response. 
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Accepting  this  premise,,  the  questions  listed  previously  can 
now  be  answered. 

a)  The  hypothetical  waste  streams  suggested  previously 
are  important  to  stream  odor  quality. because  they 
join  with  other  materials"  to  increase  the  total 
"odor  load  even  though  the  waste  streams  individually 
will  not  add  a  threshold  concentration  of  the 
chemicals^ they-  contain, 

b)  Even  though  waste  streams  are  unlike  in  odor 
or  chemical  structure  and  do  not  react,  the  two 
streams  c?n  jointly  impart  detectable  odor  to  the 
receiving  stream  even  though  neither  one  can  do 
it  alone. 

The  additive  or  even  synergistic  character  of  odor  stimuli 
is  important  in  approaching  such  complicated  situations  as  those 
presented  by  the  boundary  waters.  Few  plants  can  be  charged  with 
contributing  enough  organic  material  to  give  detectable  taste 
and  odor  to  175,000  sec. ft.  of  weter.  Each  waste  source  must, 
however,  be  regarded  as  a  definite  contributor  to  total  impairment 
of  odor  quality. 

CONCLUSIONS 

The  evident  trend  in  the  taste  and  odor  quality  of  raw 
water  is  downward.  Estimates  of  stream  pollution  in  terms  of 
population  equivalents  show  an  ever-upward  trend.  Taste  and  odor 
loads  may  be  expected  to  increase  more  rapidly  than  loads  in 
terms  of  "population  equivalents"  because  of  many  factors,  some 
of  which  have  already  been  discussed. 

Subject  to  relief  by  self-purificPtion  in  streams,  organic 
pollutants  of  surfrce  waters  present  an  additive  assault  on  water- 
quality,  and  each  tangible  organic  source  is  a   factor  in  .determ- 
ining the  odor  oi"  the  resulting  water, 
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PROGRESS  REPORT  ON  THL  BIO  OXIDATION 
OF  PHENOLIC  AND  2.4-D  WASTE  WATERS 


-  by  - 

ROSS  E.  MILLS 

waste  Control  Chemist, 

Naugatuck  Chemicals  Division  of 

Dominion  Rubber  Company  Ltd. 


The  economic  and  satisfactory  disposal  of  our  phenolic  and 
2,4-D  waste  waters  is  one  of  the  major  problems  in  waste  dis- 
posal facing  our  Company  today.  As  high  as  99.9$  of  the  phen- 
olic bodies  in  these  wastes  must  be  destroyed  before  it  can  be 
discharged  to  the  receiving  stream. 

In  a  paper  presented  at  this  conference  last  year  (1)  our 
past  and  present  methods  of  treating  our  phenolic  and  2,4-D 
waste  waters  were  discussed.   Since  it  is  our  intention  to  reduce 
the  high  cost  of  treating  these  wastes  and  to  do  away  with  the 
present  practice  of  discharging  the  treated  waste  to  closed 
pits  -one  biological  oxidation  process  has  been  chosen  for  study 
as  a  future  method  of  treatment.  Preliminary  laboratory  work 
had  indicated  that  our  plant  phenolic  and  2,4-D  waste  waters 
could  be  treated  in  this  manner.  This  data,  along  with  the  flow 
diagram  of  the  proposed  pilot  plant  trickling  filter,  Figure  1, 
were  also  given  in  last  year's  paper. 

The  plant  phenolic  waste  water  consists  of  a  liquid  waste 
containing  phenol  (carbolic  acid)  from  several  plant  processes. 
The  2,4-D  waste  water  is  from  the  2,4-dichlorophenoxyacetic 
(2,4-D)  acid  process  and  has  a  composition  as  shown  on  Table 
I.  This  waste  contains  primarily  dichlorophenol.  The  information 
recorded  in  this  report  discusses  the  difference  in  these  two 
"phenolic"  compounds  with  regard  to  their  oxidation  on  biolog- 
ical slimes. 

This  work  has  been  carried  on  in  collaboration  with  the  Dow 
Chemical  Company.   Their  Dowpac  HCS  has  been  used  as  the  packing 
media  for  the  tower  of  the  pilot  plant  trickling  filter.  The 
packing  in  this  experimental  unit  is  interrupted  for  sampling 
purposes  at  three  intermediate  positions.  The  bulk  properties 
of  the  packing  media  (2)  and  tower  size  are  as  follows: 

DBAHSION  DOl/PAC  HCS 

Tower  area ,  f t . «  9.5 

Tower  Height,  ft.  20 

Packing  surface  area,  ft.  5100 

Void  Space,  $  94 

Unit  Dimensions,  in.  37i"  x  37£"  x  21" 

Units  12 

Surface  area,  ft.2/ft.3  25 

Unit  Weight,  lb. /ft. >  3.8 
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PILOT  PLANT  OPLIIATION  -  PHENOLIC  .vASTS 

The  installation  of  the  pilot  plant  trickling  filter  was 
completed  by  Sept./56.  The  filter  was  seeded  with  activated 
sludge  from  the  Spring  Valley  Sewage  plant  at  Kitchener,  Ontario. 
The  plant  phenolic  waste  water  was  applied  to  the  filter  but  it 
did  not  resuond  and  "take  off"  as  it  should  have  done.   The 
actual  cPuse  was  not  discovered  until  nearly  the  end  of  December 
when  it  was  learned  that  the  air  injector  was  not  functioning 
as  it  should,  due  to  its  location  relative  to  the  activated 
sludge  tank.  The  controls,  including  the  air  injector  had  been 
installed  inside  the  building  to  which  the  filter  was  attached 
to  provide  convenience  of  operations.   As  a  result  of  this, 
there  was  little  or  no  agitation  within  the  activated  sludge 
tank  with  the  result  that  the  sludge  settled  to  the  bottom  of 
the  tank  and  became  septic.   For  this  reason  the  data  obtained 
during  the  first  four  months  operation  was  not  reliable. 

During  this  initial  period  of  operation,  however,  several 
modifications  were  made  in  the  flow  diagram  in  Figure  \    to 
improve  the  operation  of  the  filter. 

The  tower  of  the  trickling  filter  was  initially  covered 
with  styron  475  plastic  sheeting.  Three  sides  of  the  tower 
were  later  covered  wi  Lh  1/4"  plywood  to  withstand  the  occasional 
high  winds.   The  side  facing  the  bldg.  was  not  covered.  To 
further  prevent  heat  loss  within  the  filter  the  sampling  ports 
and  most  of  the  bottom  of  the  tower  were  closed  in  as  well. 

During  the  installation  of  the  trickling  filter  there  were 
no  steam  coils  installed  in  the  activated  sludge  tank.   It 
was  originally  thought  that  hot  coils  in  this  tank  would  in- 
activate the  sludge.  Steam  tracing  and  insulation  were  put 
around  the  outside  of  the  activated  sludge  tank  and  the  cone 
part  of  the  sludge  settler . 

The  steam  tracing,  however,  proved  to  be  inadequate.   The 
only  means  of  controlling  the  temperature  was  by  heating  the 
phenolic  feed  water.   An  attempt  was  made  to  manually  control 
the  temperature  of  the  filter  at  about  #0°f.  by  controlling 
the  temperature  of  the  incoming  feed  water.   Depending  on  the 
atmospheric  temperature,  the  feed  water  temperature  varied  from 
100  to  160°F.   By  this  procedure  the  operating  temperature  of 
the  filter  was  maintained  between  70  and  90°F.   During  this  peric 
of  time  the  main  recirculation  pump  had  occasionally  failed 
for  undetermined  reason.   This  failure  left  only  the  hot  strong 
phenolic  feed  water  being  applied  to  the  packing.  To  avoid 
this  unfavorable  condition,  a  pressure  operated  alarm  system 
was  installed  on  the  pump  to  indicate  the  moment  of  pump  failure, 
This  corrected  the  difficulty  since  there  was  always  an  operator 
within  hearing  distance  who  could  quickly  reset  the  pump  switch. 
To  overcome  these  problems  and  to  provide  better  temperature 
control  a  steam  bayonet  heater  and  temperature  controller  were 
installed  in  the  activated  sludge  tank.   This  installation 
provided  adequate  temperature  control  and  did  not  appear  to  have 
a  noticeable  affect  on  the  sludge  in  this  tank.   In  addition, 
this  installation  permitted  the  feed  water  to  be  applied  to  the 
top  of  the  tower  at  a  much  lower  temperature.   At  the  same  time 
all  steam  return  lines  were  diverted  to  the  waste  water  neutral- 
ization tank  to  prevent  freezing  in  this  tank  during  the  winter. 
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Luring  the  installation  of  the  bayonet  heater  in  the  act- 
ivated sludge  tank  it  became  apparent  that  there  was  a  large 
volume  of  settled  sludge  in  the  tank  as  a  result  of  insuffic- 
ient agitation  as  has  already  been  mentioned.   This  difficulty 
was  immediately  overcome  by  placing  a  1/2"  air  line  across  the 
bottom  of  the  tank.   The  air  line  provided  much  more  agitation 
and  aeration  than  was  required  and  it  was  thought  that  over 
aeration  might  occur  bringing  about  the  oxidation  of  the  sludge 
in  this  tank.   For  this  reason  the  air  line  was  later  replaced 
by  the  air  injector  which  provided  a  rolling  action  to  the  con- 
tents of  the  activated  sludge  tank.   With  the  installation  of 
the  air  injector  it  was  found  that  lime  and  sludge  began  to 
build  up  on  the  bayonet  heater,  thus,  reducing  the  heat  transfer 
and  it  was  found  necessary  to  institute  a  program  of  daily  bay- 
onet scraping. 

Following  the  installation  of  the  bayonet  heater,  the  settled 
sludge  was  flushed  from  the  system  and  a  program  of  study  of 
the  bio-oxidation  of  2,4-D  waste  water  decided  upon. 

PILOT  PLANT  OPERATION  -  2.4-D  WAST-S 

Treatment  of  Diluted  2,4-D  Waste  Water  ■ 

The  first  4  months  operation  on  plant  phenolic  waste  water 
had  been  without  success  mainly  due  to  insufficient  agitation 
in  the  activated  sludge  tank.   Since  the  successful  treatment 
of  2 ,4-L  waste  water  wts  our  main  concern  it  was  decided  to 
immediately  begin  studies  on  the  bio-oxidation  of  2,4-D  waste 
water.   Therefore,  on  Jan. 3/57,  the  filter  was  agin  seeded  with 
activated  sludge  and  2,4-D  waste  water  applied  to  the  top  of 
the  tower  from  the  5000  gal .  feed  tank  in  a  batch-wise  operation. 
To  prepare  this  feed  about  420  U.S.  gallons  of  the  2,4-D  waste 
water  were  neutralized  in  the  1000  U.S.  gal.  neutralization  tank 
with  30^  aqua  ammonia.   Phosphate  in  the  form  of  di- sodium 
phosphate  was  added  and  the  waste  water  pumped  to  the  feed  tank 
where  it  was  diluted  about  10  times  with  water.   The  flow  rate 
of  the  diluted  waste  water  to  the  top  of  the  tower  was  set  at 
4.0  I.G.M.  The  recirculation  flow  rate  was  set  at  20  I.G.K. 
Therefore,  the  total  volumetric  flow  rate  to  the  top  of  the  tower 
was  24  I.G.i..  or  159  i'.G.A.D.  higher  flow  rates  tended  to  wash 
the  slime  from  the  packing.   For  this  reason  the  hydraulic  load- 
ing remained  at  the  24  I.G.M.  rate  throughout  the  entire  study, 
Since  the  biological  process  is  dependent  on  the  intimate  con- 
tact of  the.  applied  waste  with  the  biological  slimes  on  the  pack- 
ing media  and  on  the  transfer  of  organic  material  contained  in 
the  applied  waste  to  these  slimes  the  level  of   hydraulic  loading 
is  an  important  consideration  in  this  work.   It  is  generally 
recognized  that  filter  efficiency  varies  directly  with  filter 
depth  and  inversely  with  hydraulic  loading  (3).   Since  this  was 
a  batch  operation  the  flow  rate  tended  to  drop  as  the  level  in 
the  5000  gal.  tank  decreased.   For  this  reason  the  flow  rate 
was  adjusted  every  hour  although  the  actual  daily  flow  amounted 
to  only  3.0  -  3.5  I.G.M.  instead  of  4.0  I.G.H.   when  the  waste 
water  in  the  feed  tank  decreased  to  a  predetermined  level  the 
flow  to  the  top  of  the  tower  was  shut  off  and  another  batch  of 
waste  water  prepared  on  the  heel  of  the  previous  batch  remaining 
in  the  tank. 
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After  one  week  of  operation  on  this  feed  it  was  apparent  that 
a  rapid  sludge  build-up^the  packing  was  not  taking  p}.ace.      Since 
it  had  been  calculated,   from  work  done  by  the  Dow  Chemical   Co. 
(2)    that  the  biological    slime   on  the   surface  area  of  this  volume 
of  packing  was  capable   of  oxidizing   25  lbs.  of  phenol  per  day 
it  was  decided  to  apply  a  synthetic  phenol  waste  water  to  the 
filter  for  a  short  period   of  time  to   check   its  operation  and 
to  obtain,    if  possible,   a  rapid  build-up  on  the  packing.     Ac- 
cordingly,   a  synthetic  phenol  waste  water  containing  nitrogen 
and   phosphorous  was  applied  to   the  top  of  the  tower  at  the   same 
hydraulic   loading  as  before.     A  rapid  build-up  of  slime  on 
the  packing  was. obtained  and  the   suspended  solids  in  the  act- 
ivated sludge  tank  increased  to  about   1000  ppm.     The  maximum 
level   of  solids  in  this  tank  was  not   obtained  until  the   sludge 
return  line  was  diverted  from  the  top  of  the   tower  to   the  activ- 
ated sludge  tank  and  the  settled   sludge  returned  continuously. 
It  was  noted  that  once  the  suspended   solids  reached  a   concentra- 
tion of  1000  ppm  there  was  no  further  increase.      It  has  been 
reported    (4)    that  the   sludge  concentration  will   cease  to   increase 
after  five  or   six  days.      This  equilibrium  in  slidge  concentration 
results  because   the   sludge  undergoes  oxidation,  being  converted 
to  its  fundamental    component   compounds.     The  efficiency  of  the 
unit  was  excellent  and  it  is  thought  that  30   lbs.  per  day  of 
phenol   could  be  consistently  oxidized  in  this  filter  at  a  removal 
of  99%  or  better.     A  summary  of  the  data  obtained  is   shown  on 
Table   II.      It  is  believed  that  the  average  percent  removal  would 
have  been  higher  had  operating  difficulties  not  been  experienced 
at  the  time  maximum  phenol  loading  was  being  approached. 

Tower  sampling  indicates  that  about   &0%  of  the  phenol  was 
removed  on  the   packing  and  the  remaining   20$  in  the   activated 
sludge  tank.     This  established  that  the  filter  was  now  operating 
as  intended. 

On  Feb.  10/57,   the  feed  water  w?s  changed  from  the   synthetic 
phenol  feed  to   the  diluted  2,4-D  waste  water  as  before.      It 
was  soon  noted  that  the   suspended  solids  in  the  activated  sludge 
tank  were   falling  off  and  the   level   decreased  to   about    50  ppm 
in  a  period   of  a  few  days.      A  summary  of  the  data  obtained  for 
an  eleven-day  period  of  operation  is  shown  on  Table  III.      An 
average  of  4.6  lbs.  of  dichloiqphenol  were  removed  with  an  average 
per  cent  removal  of  83.6%.     Sampling  over  the  tower  indicated 
that  practically  all  of  the  removal  of  dichlorophenol  took 
place  on  the  packing  with  no  further  removal  taking  place   in 
the  activated   sludge  tank. 

On  or  about  Feb. 25/57,   the  filter  received  a  shock  as  a  result 
of  a  sudden  change  in  the    composition  of  the   2,4-D  waste  water 
due  to  process  difficulties.      Some  difficulty  was  experienced  in 
reseeding  and  acclimatizing  a  5esh  lot  of  activated   sludge. 
The  first   lot  of  new  sludge  was  transferred  from  drums  to  the 
activated   sludge  tank.      The   level  of  water  in  this   tank  was   low- 
ered  just   enough  to   hold  the   sludge.      The  acclimatization  was 
carried  out  by  keeping  the  filter  on  recirculation  only  and 
adding   small  amounts  of  liquid  phenol  plus  nitrogen   and  phos- 
phorous to   this   tank.     The  phenol  additions  never  raised  the 
phenol   concentration  on  the   filter  by  more  than   50  ppm  and  the 
total  concentration  never   exceeded  100  ppm  during  the  acclim- 
atization period.      These   increments  were  added  only  as  fast  as 
the  bacteria  oxidized  the  phenol  from  the  previous  addition. 
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At  first  the  time  interval  h«S*"*«*i  phenol  additions  was  quite 
long  but  {f.raduiiJ  ly  Jecrcaowd  as  the  bacteria  beaaj-^  accli.-naiizocL. 
Ijhen  the  bacteria  were  judged  to  be  w«j11  acclimatized  to  phenol, 
the  same  procedure  was  carried  out  with  di c hi oro phenol.   The 
dichlorophenol  additions,  however,  got  out  of  control  and  the 
concentration  reached  450  ppm  before  it  was  detected.   This  in- 
activated the  bacteria. 

The  activated  sludge  tank  was  again  flushed  out  and  a  second 
lot  of  sludge  added.   On  this  occasion  the  sludge  was  acclima- 
tized to  dichlorophenol  without  first  acclimatizing  to  phenol. 
This  procedure  proved  successful  and  the  filter  has  not  been 
reseeded  since. 

After  a  one  week  acclimatization  period  in  which  the  sludge 
wns  held  in  the  system,  a  synthetic  dichlorophenol  waste  water 
was  applied  to  the  filter  at  the  same  hydraulic  loading  as  before. 
when  the  filter  was  nut  back  on  this  flow-through  basis,  the 
suspended  solids  in  the  activated  sludge  tank  again  decreased. 
Although  the  unit  was  kept  on  the  synthetic  dichlorophenol  feed 
for  only  7  days,  indications  are  that  only  about  10  lbs.  of  di- 
chlorophenol per  day  can  be  continuously  oxidized  by  this  trickl- 
ing filter  compared  to  30  lbs.  of  phenol  per  day.   A  summary 
of  the  data  obtained  while  operating  on  the  synthetic  dichloroi; 
phenol  feed  is  shown  on  Table  IV, 

During  this  acclimatization  period,  when  no  water  was  entering 
or  leaving  the  system  an  investigation  was  made  to  determine 
if  the  sludge  was  being  returned  from  the  sludge  settler  to  the 
activated  sludge  tank.   It  was  discovered  on  draining  the  sludge 
settler-  that  a  large  volume  of  black  septic  sludge  had  built  up 
in  this  tank.   Therefore,  it  was  evident  that  some  means  of  scrap- 
ing the  sludge  down  to  the  outlet  was  necessary. 

A  scraper  was  installed  in  the  settler  consisting  of  a  chain 
suspended  at  the  perimeter  of  the  tank  by  a  horizontal  bar. 
The  scraper  is  shown  on  Figure  2.   An  electric  motor  and  speed 
reduction  assembly  turned  the  scraper  at  the  rate  of  3  rph. 

At  the  same  time  a  trough  was  installed  directly  under  the 
tower  to  carry  the  water  falling  from  the  tower  to  the  side  of 
the  activated  sludge  tank  opposite  the  outlet.   The  purpose 
of  this  was  to  increase  the  retention  time  within  the  tank  by 
directing  the  water  down  to  the  bottom  of  the  tank  rather  than 
allowing  it  to  fall  on  the  surface  in  the  middle  of  the  tank 
and  be  carried  away  directly  to  the  overflow. 

With  these  changes  completed,  larch  2?/57,  2 , i,.-D  waste  water 
was  again  applied  to  the  trickling  filter.   The  diluted  waste 
water  was  applied  to  the  top  of  the  tower  at  a  total  organic 
loading  equivalent  to  the  oxygen  demand  of  IC  lbs.  of  dichloro- 
phenol per  day.   To  avoid  the  previous  experience  of  inactivating 
the  filter  ;  s  the  result  of  a  fluctuating  w--  ste  water  the  dichloro- 
phenol content  of  the  waste  was  determined  lv  a  broinate  bromide 
titration  from  a  sample  taken  as  it  flowed  Lo  the  neutralization 
tank.   By  means  of  a  graph  the  operator  converted  the  titre  of 
the  sample  to  inches  of  waste  water  required  in,  the  tank.   Thus 
a  greater  or  lesser  volume  of  wasie  '-.ater  was  taken  so  that  on 
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ition  was  obtained.     This  proved  to   be  a  very  successful  method 
of  leveling  out  variations   in  this  waste,      a  summary  of  the  data 
obtained   for  sixteen   days   operation  is    shown   on   Table   V.      An 
average  of   B.2   lbs.    of  dichlorophenol  per  day  were  removed  with 
an  average  removc.l    of  91.1$.      It  will  be  noted   that  almost   double 
the  amount  of  dichlorophenol  was  removed  in  this  period   compared 
to   an  average   removal  of  4.2   lbs.   of  dichlorophenol  as  shown  on 
Table   III.      In  addition  the  efficiency  increased  from  33.6% 
to   91.1%.      It  is   felt  that  the   sludge  scraper  Wrs   primarily 
responsible  for  this   improved  efficiency. 

An  attempt  wrs  also  made  during  this  period  to  increase  the 
organic   loading  to  the  tower.      The   efficiency,   and  quality  of  the 
effluent  dropped  immediately  and  the  flow  of  feed  to  the   top  of 
the  tower  had  to  be  cut   off  completely  for  a  24  hr,   period  to 
allow  the    system   to   "catch  up"  before  resuming   at  the    previous 
feed.  rate.     The  data  shown  on  Table  V  does  not   include  this  brief 
period   of   increased    loading. 

A  portion  of  the  effluent  was  taken  during  normal  operation 
and    subjected  to    the    standard   bio-assay  test  for    industrial  wastes 
(5).      The  waste  water  treated  by   this   process   showed   no  toxicity 
whatever   to   the  particular   species  of  fish  used  in  the    tests. 
The  untreated  waste  water,  whether  neutralized  with  aqua  ammonia 
or  caustic   soda  proved  to   be  extremely  toxic   to  the  test   animals. 
Both  tests  were  carried  out  at  the  same  dilution. 

Treatment   of  Undiluted   2.4-b  Waste   water 

The   study  of  the  biological   treatment  of  2,4-D  waste  water 
had,    to  this   point,   been    carried  out  on  a  10:1  dilution  of 
waste.      This   dilution  brought  the  concentration   of  the  principal 
components  shorn  on  Table   I  within  the  recommended  range  of  what 
was  thought  to  be  an  ideal  waste.     There  was  no  proof,    however, 
of  the  actual  necessity  of  making  the  dilution  as  high  as  this. 
In  addition  a   dilution  of   this  proportion  would  greatly  com- 
plicate the  problem  of  scale-up  of  the    filter. 

with   only  a   few  days  remaining  until    the   end    of  the   2,4-D 
production  season,    6000  gallons  of  undiluted  waste  water  were 
collected,    neutralized  and  nutrients  added.      This  was  then 
applied   to  the   filter  at  the    rate   of  0.25    I.G.L.      The   recircul- 
ation  flow  rate  was   increased  to   24   I.G.K.      Therefore,    the  organic 
and  hydraulic   loading   to  the   top   of  the  touer   remained   essenti- 
ally the   same    as  with   the    diluted  waste  water.      Under  these 
conditions,   however,    the   salt   concentration    in  the  filter  in- 
creased gradually  due  to  the  high   salt   concentration  of  49,400 
ppm  of  the   incoming  waste  water.      A   summary  of  the  data  obtained 
is   shown  on  Table  VI.      The    quality  of  the    effluent   decreased 
abruptly  beyond  a   salt  concentration  of  32,000  ppm  in  the  filter. 
This  d?ta,   while    it    is    frr  from  complete,   would    indicate  that 
a  dilution  as   low  as  1:1  mi  Jit  be  possible.      It   is  a  reasonable 
assumption  that  a  dilution  of  5:1  or  less  would  be  adequate. 
Further  work  will  be  done  to  determine  more   closely  the   actual 
dilution  required. 
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PILOT  PLANT  OPERATION  -   PHENOLIC  WASTE 

Following  the  study  of  undiluted  2,4-D  waste  the  filter  was 
left  on  recirculation  with  a  flow  of  dilution  water  introduced 
to   lower  the  salt  concentration  over  a  period  of  a  week.     The 
plant  phenolic  waste  waters  which  were  used  in  our  initial  work 
were  again  applied  to  the  trickling  filter.      The   slime  on  the 
packing  built  up  very  quickly  on  spots  where   it  had  sloughed  off 
and  the  biological   slime  as  a  whole   increased  in  thickness  and 
became  gelatinous  in  texture.      In  addition  the  suspended  solids 
in  the  activated  sludge  tank  again  built  up.     An  efficiency  of 
99-100%  was  obtained.- 

The  methods  of  analysis  used  in  this  work  are  essentially 
those  described   in  the  9th   and  10th  edition  of  Standard  Methods 
i§r  the  Examination  of  Water  Sewage,   and   Industrial  Wastes. 

Conclug^on : 

Pilot  plant  studies  at  Naugatuck  Chemicals  Ltd.,   Elmira, 
Ontario   indicate  that  the   combined  liquid  wastes   containing 
phenol  can  be  satisfactorily  treated  by  the  trickling  filter  de- 
sign descussed   in  this   report. 

"fhile  results  are  very  encouraging  these  studies  indicate 
that  2,4-D  waste  water  containing  dichloro phenol  is  considerably 
more  difficult  to  treat  than  are  the   phenolic  wastes.     Addition- 
al  investigation  into  such  factors  as  waste  water   dilution, 
optimum  organic  and  hydraulic   loading,    recirculation  ratio, 
temperature  and  effective  filter  depth  must  be  carried  out  in 
an  attempt  to   achieve  greater  efficiency   of  removal  before  the 
effluent  can  be  discharged  directly  to  the  receiving  stream. 
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Table  I 
Composition 
of 

Untreated  2,4-D  Waste  Water 


Dichlorophenol,  ppm  1000  -  1500 

Chemical  Oxygen  Demand ,  ppm  3700 

Inorganic  Salts  (Percent)  6-8 

Total  Solids  (Percent)  3-10 

Sulfuric  Acid  (Percent)  0.8-1.4 

ph  i.2-i. a 

S.G.  e  15°C  1.074 


tabus  n 


SYNTHETIC  PBEKOL   FEED 
?  HOT   F  L  ANT   TRICKLING   FILTER 


(JaN.  20  -  F  E  B,  ?Jfr) 


INFLUENT 
}.3a.,        1-A.C.         AW. 

EFFLUENT 
HDJ.       IAX.       AVG. 

AVERAGE 
PETCENT 
RH.CTAL 

FLOW,      GAL-PS  R. 

KIN, 

2.6 

3.8 

3.2 

2.6 

3.8 

3.2 

- 

FLOW,      pH 

6.9 

8.3 

7-5 

6.7 

8.0 

?A 

- 

KITFOGES,    ifti 

3D 

70 

¥* 

1 

30 

21 

- 

PHOSPHATE,    PBd 

26 

31 

28 

12 

2U 

18 

- 

P  H  E  K  0  L,  KM 

250 

713 

*i8o 

0 

m 

7 

- 

PHENOL,     -IB-    KS 

iwr 

10.8 

31.^ 

17.8 

0 

uk 

0.3 

96.7 

o 


RECIRCULATION,  GAL.PiR  JJN. 
RECIRCULATION   RATIO 


11K. 

MAX. 

AVG^ 

20 

20 

20 

5.6 

7.7 

6.5 

TEMPERATURE 


o-.-- 


80 


83 


82 


TABLE  HI 
2.1U)   aSTE  HATER   (  10:1  D  I  L  U  T  I  0  N  ) 
PILOT  PLANT  TRICKLING  FILTER 
(  FEB.  20-ZL/5?  ) 


FLOW,   GAL.  PER  M  I  N. 
FLOW,   ffi 
NITROGEN,   PPM 
PHOLFHATE,   PB( 
INORGANIC  SALTS,   PHI 
DICHLOROPHENOL,   PPM 
DICHLORO  PHENOL,  LB.PIR  ttY 


RECIRCULATION,   GAL.  PIS  IZN 

RECIRCULATION   RATIO 

TEMPERATURE,    <?  59      83       8l 


INFLUENT 
MEN.         MUX.         AVG. 

EFFLUENT 
MIN.         MAX.         AVG. 

AVERAGE 
FESCEKT 
RQCVAL 

2.5 

3-6 

3.2 

2.5 

3.6 

3.2 

- 

7^ 

7-9 

7-6 

7.8 

8.1 

8.0 

- 

2*0 

580 

33o 

3P 

kco 

350 

m 

15.5 

3&B 

23.7 

15-3 

26.6 

19.6 

- 

#00 

530O 

4200 

kcoo 

6000 

5300 

- 

106 

19B 

126 

13 

35 

23 

- 

3.2 

8.0 

KIN. 

20 
5.5 

5.5 

MAX. 
20 
8.0 

0.5 

ATC. 
20 
6.3 

1.3 

0.9 

83.6 

I 

4> 


TjVEJLS  IV 
SYNTHETIC       DICHLORO P  H  E  NO  L      i F  E  E D 
PILOT      PLANT      TRICKLING      FILTER 
{  U  A  R  C  5    2D  -  27,    195V  ) 


PLC  1'.'.      GAL.     PER      KIN. 

flo  w.     r/j 

filTK  0  &  £  Si,      PBi 
p  H  0  3  p  9  A  V  8,      Ptfi 

DICL'LGHCPilEEOL,      Pa; 
DICHLOROPKSNOL,      LB.  F£S  BO" 


INFLUENT 
KIN.         tAX.         AVG. 

EFFL  UE 

tan.       tox. 

NT 
AVG. 

AVERAGE 

FIH3MF 
Rti«VAL 

2.7 

4.1 

3.4 

2.7 

4.1 

3.4 

- 

7.3 

8.1 

7.9 

7.4 

7-9 

7.7 

- 

10 

20 

13 

10 

20 

10 

- 

&4 

7.9 

7.4 

2.9 

6.0 

4.1 

• 

202 

296 

262 

0 

30 

11 

m 

6.2 

15.0 

11.3 

0.0 

1-5 

0.5 

96.3 

to 


RECIRCULATION,      GAL.    PER    SflS. 
RECIRCULATION     RATIO 
TEMPER  ATUR  E       °F 


KIN. 


5-1 


MAX. 
20 

7«4 

82 


AVG. 

20 


TAra,?:  y 


2,^  W  A  S  T  E  VI  A  Tg  R   (  10:1  DILUTION) 
PILOT   PLA  HT...  TRICKLING   F  I  L.T  g  R 

(mar.  27-APR.  V574APR.  9-11/57) 


FLO. ?<,  GAL.  P2*  me. 
FLOW,   pH 
KITPOGEH,   PPM 

PHOSPHATE,  ETW 

I 
INORGANIC  SALTS,  PPM 

DICHLOROPHENOL,  PR» 

DICHLOROPHENOL,  L3.FER  DJT 

CHEMICAL  OXYGEN 
DEMAND,   PPM 

CHEMICAL  OXTGEN 
DEMAND,  L3.  PER  LVY 


RECIRCULATION,  GAL.  PiB  ION 
RECIRCULATION,   RATIO 
TEMPERATURE   °F 


INFLUEKT 

EFFLUENT 

AVERAGE 
PERCEtT 

Mm. 

MAX. 

AV5. 

MDI. 

MAX., 

AVG. 

RD«0/AL 

3.0 

3-8 

3* 

3.0 

3.8 

3* 

- 

7.6 

8.3 

7.8 

7.6 

7.9 

7.7 

- 

- 

- 

- 

— 

- 

- 

- 

- 

- 

2D.8 

— 

- 

l6.it 

- 

- 

- 

- 

- 

- 

- 

■■ 

170 

2§2 

203 

7 

62 

30 

- 

7.2 

12.5 

9-1 

0.2 

2.5 

1-3 

91J 

H05 

7& 

25 

13^ 

ZL5 

170 

- 

16.8 

3B.6 

2*1.0 

Mm. 
20 
5*3 

20 
6.7 

4.9 

9-5 

Are. 
20 
5.9 

7.3 

69.7 

U> 


82 


£    Assured  to  be  approxirf&tely  equal  to  values  ^jown  on  Tahle  HI 


2,  *U)  W  A  S  T  E  WATER  (UNDILUTED! 

PILOT  PIAM1  TRICKLING  FI L  T SB 


(APF 

I.  12  -  W  /  «fr  ) 

A-Terage 
Percent 

md; 

tax 

AVG. 

LID,' 

tax 

AVG. 

Benoval 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

- 

7-2 

7-4 

7.3 

7.7 

8.0 

7-8 

- 

- 

- 

tP 

- 

— 

53 

- 

49,4oo 

4?,4oo  M9,Moo 

13,000 

32,000 

- 

- 

15D2 

1502 

vpt 

12 

55 

27 

- 

5.4 

SA 

5.U 

0.0 

0.2 

oa 

98.1 

1*3^6 

U3M6 

4346 

198 

689 

4p 

- 

FLOW,  GAL.  Pffi  Kffi. 

r  l  0  3,  jfi 

HITPOGEK,  PPti* 

P/B  CSP  HATE  ,  P3J 

INORGAKIC    SALE,  PB! 

DICHLOROPBENOL,  PBI 

DICHLOBOPHEEOL,  IB.  FERDAY 

C  H  E  i.I  I  C  A  L     OXYGEN 
IEAND,  ppy 

CHEMICAL  OXYGEN  I5.6    I5.6  I5.6       OA     2.5    1.5      00.0 

D  E  H  A  K  D,  LB.  P3*  D;  Y 

RECIRCULATION,  GAL.  PiS  MIK 

RECIRCULATION  RATIO 

TEMP.  ERaTURE  cF 

DISSOLVED  OXYGEN 

A  Waste  neutralized  with  Aqua  Anmarda,  thus  nitrogen  assumed  to  be  adequate. 


jg& 

twc. 

AVG. 

24 

24 

24 

96 

96 

96 

8o 

84 

83 

4.1 

6.5 

4.8 

4> 
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EFFECTS  OF  SUSPENDED  MATTER  IN  WASTE  WATER 

-  by  - 
Richard  D.  Hoak 

Kellon  Institute  of  Industrial  Research, 
Pittsburgh, Pa. 


Water  pollution  control  is  a  topic  replete  with  firmly  held 
opinions  that  rest  on  insecure  foundations.   This  arises  from  a 
widespread  public  and  professional  concern  over  the  effects  of 
pollution,  coupled  with  a  sad  dearth  of  the  kind  of  technical 
information  that  is  essential  to  the  development  of  rational 
measures  for  pollution  control. 

The  effects  of  suspended  solids  discharged  to  rivers  is  a 
subject  about  which  a  variety  of  similar  statements  have  been 
made.   These  pronouncements  have  been  uttered  so  many  times  that 
they  have  become  a  kind  of  dogma  that  no  one  questions.   It  lis 
said,  for  example,  that  suspended  matter  diminishes  photosynthesis. 
But  what  concentration  will  diminish  photosynthesis  by  what  per- 
centage.  Some  90  per  cent  of  incident  light  is  absorbed  by  clear 
water  in  a  depth  of  about  six  feet.   How  much  suspended  matter  must 
there  be  to  increase  light  absorption  to  100  per  cent  in  the  same 
or  some  other  depth?  How  does  natural  silt  affect  photosynthesis 
as  compared  with  suspended  material  from  industries  and  munici- 
palities? 

It  is  claimed  that  suspended  solids  destroy  fish  spawning 
grounds.   How  much  of  such  material  will  do  what  damage  to  what 
kind  of  spawning  ground?  Similarly,  suspended  matter  is  said  to 
smother  benthic  organisms  and  thus  prevent  them  from  playing  their 
role  in  stream  self-purification.   iJhat  depth  of  what  kind  of 
solids  will  smother  what  sort  of  organism?  A  monomolecular  layer? 
A  millimeter?  A  quarter  inch?  A  foot? 

A  consideration  of  these  questions  led  to  an  investigation 
whose  object  is  to  provide  quantitative  data  for  many  of  the  spec- 
ulations which  have  long  been  accepted  as  indisputable,  if  un- 
provable, fact.   A  casual  observation  of  rivers  shows  that  suspend- 
ed matter  deposits  whore  proper  conditions  exist  for  sedimentation. 
River  bars  form  and  reform  with  fluctuations  of  discharge  rate. 
Dredging  must  be  resorted  to  where  stream  velocity  cannot  flush 
deposited  solids  away,   where  such  conditions  exist  it  is  clear 
that  streams  are  overloaded  with  suspended  solids,  whether  of 
natural  or  industrial  origin.   There  are  loads  less  than  this, 
however,  where  quantitative  data  on  effects  are  scanty  indeed. 
It  is  concentrations  in  this  range  upon  which  research  is  now  in 
progress. 
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The  steel  industry  recently  completed  a  comprehensive  survey 
of  blast  furnace  flue  dust  production  and  recovery  in  the  Ohio 
Valley.  The  survey  disclosed  that  an  average  of  204  pounds  of  dust 
is  made  per  ton  of  iron  manufactured  but  that  only  10  pounds  per 
ton  is  discharged  to  streams.  Recovery  of  95  per  cent  of  this 
material  invited  speculation  about  the  degree  of  recovery  needed 
for  proper  protection  of  streams,  and  this  led  to  a  shift  of  emphasi 
in  research  on  pollution  control  by  the  industry.  Dr.  C.A.  Bishop 
aptly  illustrated  the  shift  when  he  said  that  increasing  attention 
was  being  ;  iven  to  the  diagnostic,  as  compared  with  the  prescrip- 
tive, approach  to  the  problem.   In  the  past,  the  industry  has  con- 
centrated its  efforts  on  improving  recovery  efficiencies  in  general 
without  paying  serious  attention  to  the  ultimate  effects  on  water 
quality.   It  has  now  been  recognized,  however,  that  ?n  understand- 
ing of  the  actual  effects  of  constituents  of  waste  water  is  essen- 
tial to  intelligent  recovery  practice.  This  change  in  research 
emphasis  does  not  mean  that  the  prescriptive  approach  has  been 
abondoned;  it  means  only  that  research  is  being  expanded  to  include 
studies  of  the  effects  of  various  materials  on  the  receiving  water. 

There  are  several  aspects  of  the  problem  of  suspended  solids 
which- require  investigation.   One  of  these  is  the  relationship 
between  natural  silt  and  suspended  solids  flowing  from  sewers. 
It  should  be  recognized,  of  course,  that  a  significant  proportion 
of  so-called  natural  silt  results  from  the  activities  of  mankind: 
poor  agricultural  practices,  strip  mining,  road  building,  and  the 
like.   But  until  satisfactory  land  management  can  be  co-ordinated 
with  water  conservation,  there  is  little  that  can  be  done  to  reduce 
the  wash  load  carried  to  streams  by  rainfall. 

I'lany  studies  have  been  made  to  develop  formulas  to  be  used 
for  prediction  of  silt  loads  in  rivers.   All  of  these  formulas  have 
been  based  on  flume  studies,  yet  findings  on  actual  streams  often 
contradict  experimental  results.   It  is  usual  practice  to  differen- 
tiate the  bed-material  load  from  the  suspended  load.   Bed-material 
flows  along  stream  bottoms,  but  more  or  less  of  it  can  become  sus- 
pended sediment,  depending  on  channel  configuration  and  water  vel- 
ocity.  It  is  sometimes  assumed  that  suspended  solids,  whether  of 
natural  or  industrial  origin,  will  eventually  settle  in  streams. 
But  this  cannot  really  be  true;  if  it  were,  stream  channels  would 
be  choked  with  sediment.   Suspended  particles  do  settle  in  water 
at  rates  dependent  upon  their  size  and  density,  and  upon  the  phys- 
ical condition  of  the  stream.   But  much  of  the  settled  material 
apparently  does  not  stay  where  it  drops  to  the  stream  bed;  it  flows 
at  a  rate  governed  by  the  stream  itself  anc  eventually  reaches  the 
ocean. 

A  recent  statistical  study  of  data  on  suspended  sediment  showe. 
a  good  correlation  between  loads  and  discharge  rates  for  a  number 
of  rivers  in  the  Kiddle  Atlantic  States.   There  was  also  a  good 
correlation  between  mean  load  and  drainage  area,  even  though  the 
physical  condition  of  the  drainage  be  sins  differed  considerably. 
For  example,  the  mean  load  at  Sewickley,  just  below  Pittsburgh 
on  the  Ohio  river,  was  4339  tons/day  and  at  Kound  City,  Illinois, 
950  miles  downstream,  the  mean  load  was  128,600  tons/day.  The 
relative  proportions  of  these  loads  that  were  natural,  industrial 
and  municipal  is  not  known,  but  the  close  correlation  between 
loads  and  discharge  rates  suggests  that  most  of  the  sediment  had 
a  natural  origin. 
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The  same  paper  reported  a  study  of  a  flue-dust  clarifier 
made  over  a  four-month  period.   The  average  concentration  of  sus- 
pended solids  in  the  clarifier  effluent  was  99  ppm,  but  the  concen- 
tration in  the  raw  water  was  47  ppm.   Thus  the  net  discharge  of  the 
clarifier  was  roughly  half  flue  dust  and  half  natural  silt.   A 
similar  but  shorter  stuuy  of  a  scale-pit  effluent  indicated  that 
only  about  15  pen  cent  of  the  susoended  matter  was  iron  oxide; 
the  bulk  of  the  material  was  silt  in  the  raw  water. 

These  points  have  been  raised  to  illustrate  the  necessity 
for  considering  the  role  of  natural  silt  in  evaluatin0  the  problem 
of  suspended  solids. 

Data  from  flume  studies  may  not  provide  accurate  information 
about  the  effects  of  suspended  solids  in  a  natural  stream.   Never- 
theless, a  flume  should  yield  useful  qualitative  data  on  the  behav- 
ior of  ^articles  suspended  In  flowing  water.   A  straight  rectang- 
ular flume  50   ft.  long  anu  five  inches  square  was  therefore  built 
for  preliminary  studies.   It  has  rectangular  weirs  about  IB   in. 
from  each  end  to  provide  a  flow  about  U7   ft.  long  end  four  inches 
deep. 

The  original  development  of  a  plan  of  study  sho'.-.-s  the  hazard 
of  the  commonsensicai  approach.   It  was  decided  to  circulate  through 
the  flume  a  suspension  of  particles  with  a  maximum  diameter  of  three 
microns.   The  suspension  was  made  by  mixing  a  quantity  of  -325 
mesh  flue  dust  with  water,  allowing  it  to  stand  for  sight  hours, 
and  syphoning  off  the  supernatant.   It  was  assumed,  from  the  manner 
of  making  the  suspension,  that  the  rate  of  subsidence  in  the  flume 
would  be  very  low.   It  was  therefore  planned  to  circulate  the 
suspension  through  the  flume  at  a  given  rate,  gradually  decrease 
the  rate  until  settling  occurred,  then  raise  the  rate  to  determine 
the  velocity  at  which  the  settled  material  would  be  suspended 
again.   Following  this,  the  plan  was  to  use  suspensions  of  larger 
and  larger  particles,  and  calculate  the  relationship  b etween  part- 
icle size,  water  velocity,  and  settling  tendency , 

Unfortunately,  this  plan  could  not  be  useci.   In  the  first 
run,  the  flume  was  filled  with  t£p  water  and  the  suspension  was 
pumped  into  the  chamber  behind  the  influent  weir.   The  impeller 
of  an  electric  mixer  was  placed  directly  over  the  opening  through 
which  the  suspension  entered,  so  that  good  dispersion  would  be 
assured.   It  soon  was  obvious  that,  contrary  to  sedimentation 
theory,  settling  was  taking  place  Fairly  rapidly.   The  final  result 
was  that  very  little  of  the  suspended  matter  ever  flowed  over  the 
effluent  weir.   It  was  evident  that  settling  had  been  promoted  by 
agglomeration  of  the  fine  particles. 

a  quantity  of  -H,Q   mesh  (maximum  particle  size,  100  microns) 
flue  dust  was  suspended  in  a  liter  of  tauter  and  poured  into  the 
influent  chamber,  which  w  s  supplied  with  a  r tea ay  flow  of  tap 
water  providing  a  velocity  of  2  ft/min.  in  the  flume.   According  to 
theory,  if  there  were  no  a,;  ■  lomerrtion ,  the  100-micron  particles 
should  have  settled  about  a  foot  from  the  inlet  weir,  the  smaller 
particles  should  have  settled  at  distances  depending  on  t;nir  size 
and  density,  and  the  6-micron  and  finer  particles  should  have 
passed  over  t,he  effluent  weir.   Instead  of  this,  roughly  a  third 
of  the  material  settled  in  the  influent  chamber,  in  spite  of 
thorough  agitation,  and  pr- ctically  all  of  the  remainder  settled 
within  ten  feet  of  the  influent  weir. 
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A  series  of  runs  was  made  with  -325  mesh  {theoretical  maximum 
particle  size,  44  microns}  flue  dust  suspended  in  tap  water. 
Concentrations  of  influent  and  effluent  solids  were  measured  after 
equilibrium  conditions  seemed  to  have  been  attained,  and  particle- 
size  determinations  were  made  on  the  solids  that  settled  and  those 
that  passed  over  the  effluent  weir.  The  Lamar  photometric  method 
was  used  for  particle-size  measurements.   A  portion  of  the  data 
is  summarized  in  Table  I;  complete  data  are  available  from  the 
author. 


uun  No. 


Table  I.   Data  on  Flume  Studies 

12      3     4* 


Water  velocity,  ft./min. 
Reynolds  Number 
Influent ,  ppm 
Effluent ,  ppm 
Amount  discharged,  % 
Particles  discharged** 


3.07 

2.03 

1.02  4.22 

4.22 

4.22 

2620 

1746 

873  3632 

3632 

3632 

67 

57 

61    79 

69 

73 

19 

12 

10    22 

16 

10 

23.4 

21.1 

16.4  27.9 

23.2 

13.7 

16-20 

SO -100 

80-100  8-16 

60-80 

40-60 

*  A  layer  of  pebbles,  1/8-1",  on  flume  bottom  to  simulate  roughness. 
**Size  range  of  largest  particles  discharged. 

Run  No.  1.  Of  the  particles  that  settled  five  feet  from  the 
influent  weir,  76  weight  per  cent  tf«j*e  in  the  range  8-40  microns, 
and  §  weight  per  cent  were  in  the  80-100  range.   At  ten  feet  these 
percentages  were  57  and  12,  respectively. 

Run  No.  2.  Of  the  particles  that  settled  15  ft.  from  the 
influent  weir,  75  weight  per  cent  were  in  the  range  8-40  microns, 
and  6  weight  per  cent  were  in  the  80-100  range.   At  30  ft.  these 
percentages  were  41  and  15,  respectively.   Of  the  particles  pass- 
ing over  the  effluent  weir  19  weight  per  cent  were  in  the  80-100 
range. 

Run  No.  3.  Of  the  particles  that  settled  15  ft.  from  the 
influent  weir  65  weight  per  cent  were  in  the  range  8-40  microns, 
and  24  wei.jht  per  cent  were  in  the  80-100  range.  At  30  ft.  these 
percentages  were  48  and  12,  respectively.  Of  the  particles  pass- 
ing over  the  effluent  weir  38  weight  per  cent  were  in  the  80-100 
range. 

Run  No.  4.   This  run  was  made  with  a  layer  of  pebbles  in  the 
flume  to  simulate  a  rough  bottom.  The  weight  percentages  of  the 
solids  in  the  range  8-4O  microns  that  settled  at  2.5,  5,  and  10 
ft.  were  34,  81  and  72,  respectively.  The  corresponding  percent- 
ages of  particles  in  the  80-100  range  -/ere  0,  2.5,  and  7. 

Run  No.  5.   A  duplicate  of  No.  4  without  pebbles.  The  weight 
percentages  of  the  solids  in  the  range  3-40  microns  that  settled 
at  2.5,  5,  and  10  ft.  were  65,  69  and  90,  respectively.   The  cor- 
responding percentages  of  particles  in  the  80-100  range  were  8, 
4  and  0.   Although  80  per  cent  of  the  particles  leaving  the  flume 
were  16  microns  or  finer,  20  per  cent  were  in  the  60-80  range. 
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viun  No.  6.  A  duplicate  of  No.  %  without  pebbles.  The  weight 
percentages  of  the  solids  in  the  rani  e  8-/,0  microns  that  settled 
at  5,  15,  26.5,  and  3o  ft.  were  87,  $3,  71,  and  64,  respectively. 
Mo  particles  were  present  beyond  the  rung®   40-60  microns.   In  this 
run  the  solids  that  settled  were  sypnoned  from  one-foot  sections 
of  the  flume  bottom  at  the  midpoints  of  above  stapling  points. 
The  solids  were  filtered,  dried,  and  weighed.  The  weights  were 
taken  to  represent  the  average  amounts  settled  in  the  four  flume 
sections.   In  the  order  given   above,  the  percentages  of  the  total 
were  49,31,12,  and  3. 

These  preliminary  results  seemingly  contradict  some  firmly 
held  beliefs.   According  to  theory,  particles  settle  most  rapidly 
where  water  is  quiescent,  and  sedimentation  basins  are  designed 
to  avoid  disturbance  of  the  fluid  medium.  Yet  data  from  the  flume 
studies  indicate  that  the  amount  of  settling  with  laminar  flow 
is  less  than  it  is  where  the  flow  is  turbulent.   Since  agglomer- 
ation of  particles  occurred,  and  since  this  can  result  only  from 
contact  between  particle?,  it  is  probable  that  turbulence  increases 
the  number  of   contacts,  and  the  tendency  of  the  particles  to  clump 
results  in  aa  increase  in  their  settling  rates.   Apparently  these 
agglomerates  do  not  break  up  readily,   liven  though  the  largest 
particles  in  a  -325  mesh  fraction  are  44  microns,  particles  up 
to  100  microns  were  found  in  the  size  analysis.   It  had  been 
assumed  that  any  agglomerates  in  the  suspension  would  be  dispersed 
on  passage  through  a  centrifugal  pump.   If  this  does  occur  the 
particles  evidently  reform  promptly  in  the  flume. 

This  work  has  led  to  a  lonw-range  research  project  for  eval- 
uation of  a  number  of  variables  that  affect  the  b jhavior  of  sus- 
pended particulate  matter.   Flue  dust  contains  considerable  mag- 
netic iron  oxide,  and  it  may  be  that  this  material  is  a  factor 
in  agf  lomerat.ion.   This  aspect  will  be  studied  by  using  suspen- 
sions of  completely  inert  material  such  as  ignited  alumina  or 
silicon  carbide. 

It  is  known  that  dissolved  salts  affect  the  tendency  of  part- 
icles to  ag  lomerate,  but  there  is  little  information  about  con- 
centrations and  species  of  salts  and  the  effects  they  have  on 
various  sorts  of  suspended  particles. 

The  density  of  agglomerates  should  be  determined ,  as  well  as 
the  factors  which  control  the  final  sizes  of  the  clumps. 

These  aspects  of  the  problem  will  be  studied  initially  under 
controlled  conditions  in  the  laboratory.   The  flume  will  then  be 
moved  to  a  field  station  where  actual  waste  water  can  be  used  at 
various  dilutions  with  raw  river  water.   The  field  work  will  also 
provide  an  opportunity  for  stuJ.y  of  light  penetration  and  its 
effects  on  photosynthesis,  composition  and  distribution  of  settled 
solids,  and  other  factors  which  may  arise. 

This  paper  is  a  progress  renort  which  has  described  prelim- 
inary flume  studies,  and  which  outlines  the  problems  for  which 
solutions  are  being  sought,   It  will  be  followed  by  other  papers 
as  experiment vl  data  are  accumulated. 

A  c  k  n  o  w  1  e  d  gm  e  n  t 

This  paper  is  a  contribution  from  the  « ultiple  Fellowship 
which  the  American  Iron  and  oteel  Institute  has  sustained  at 
Mellon  Institute  since  193-;-*. 
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THE  COLLECTION,  PRETREATMENT  AND  BIO-OXIDATION 
OF  CRESOL  BEARING  WASTE  WATERS 
FROM  A  CATALYTIC  CRACKING  UNIT 

-  by  - 
J.O.L.  ROBERTS. 

Canadian  Oil  Company  Ltd. 
Corunna , Ontario 


INTRODUCTION 

Shortly  after  our  refinery  at  Sarn.ia  went  on  stream  in  the 
summer  of  1952,  it  became  evident  that  considerable  amounts 
of  phenolic  compounds  were  finding  their  way  into  the  refinery 
effluent  waters.   Immediate  action  was  necessary  to  reduce 
drastically  the  output  of  these  compounds.   Examination  of  the 
various  waste  water  streams  showed  that  virtually  all  the  phen- 
olic compounds  originate  at  the  Catalytic  Cracking  Unit.   The 
principal  sources  are  spent  caustic  from  treating,  and  condens- 
ate and  water  wash  streams  which  have  come  into  contact  with 
cat  cracked  gasoline.  These  two  sources  present  rather  dif- 
ferent problems  since  the  spent  caustic  is  small  in  vdame  but 
may  entertain  20%  or  more  of  cresols  and  other  phenolic  com- 
pounds, while  the  water  streams  comprise  large  volumes  with 
phenolic  contents  below  1000  p. p.m.  This  paper  deals  only  with 
the  water  streams  and  is  intended  to  outline  the  means  which 
we  have  used  to  combat  the  problem  and  our  experience  to  date, 
with  particular  reference  to  our  present  system  of  collection, 
pre-treatment  and  bio-oxidation. 

Historical  Summary 

Since  the  fall  of  1953  various  combinations  of  four  different 
methods  have  been  used  for  the  disposal  of  phenolic  water  as 
follows ; 

1)  Injection  as  spray  water  in  the  Catalytic  Cracking  Unit 
Regenerator. 

2)  evaporation  in  the  Catalytic  Cracking  Unit  flue  gas  stack. 

3)  Injection  as  desalting  water  into  the  crude  oil  desalting 
system, 

4)  Stripping  with  steam  and  flue  gas  followed  by  biological 
oxidation. 


-  51  - 

The  principal  features  of  each  of  these  are  discussed  below: 

1)  Injection  as  Spray  Water  in  the  Catalytic  Cracking  Unit 
Regenerator 

Our  Catalytic  Cracking  Unit  is  of  the  fluid  type  in  which 
coke  is  continuously  burned  off  the  finely  divided  catalyst  by 
a  stream  of  air  which  also  serves  to  maintain  a  fluid  condition 
in  the  lower  portion  of  the  regenerating  vessel.  The  space 
above  the  fluidized  catalyst  bed  is  cooled  by  injection  of  an 
appropriate  quantity  of  water.  Originally  condensate  was  used 
for  this  purpose,  since  the  fall  of  1953  phenolic  water  has 
been  employed.   No  corrosion  problems  have  arisen  and  we  have 
no  reason  to  believe  that  the  crtalyst  is  adversely  affected. 
The  normal  operating  temperature  of  the  Regenerator  is  about 
1120°F.   Analyses  of  the  effluent  gases  indicate  that  over  90',J 
of  the  phenols  are  destroyed.  More  recently  a  CO  boiler  has 
been  installed  in  which  the  effluent  gases  undergo  further  com- 
bustion and  this  appears  to  effect  virtually  complete  oxidation 
of  the  phenolic  compounds.  This  means  of  disposal  is  still  in 
operation  and  normally  handles  about  30  i.g.p.m.  of  phenolic 
water. 

2)  Evaporation  in  the  Catalytic  Cracking  Unit  flue  gas  stack 

In  January  1954,  the  excess  phenolic  water  over  that  required 
by  the  Regenerator  sprays  was  injected  into  the  flue  gas  stack 
of  the  Cat.  Cracker.   The  stack  was  62  feet  high,  lined  with 
refractory  in  the  lower  portion  and  insulation  in  the  upper 
part,  and  contained  a  number  of  horizontal  orifice  plates. 
Injection  of  the  phenolic  water  took  place  through  2  nozzles 
at  a  point  about  29  feet  from  the  top,  4  feet  above  the  top 
orifice  plate.  About  33  i.g.p.m.  were  successfully  evaporated 
in  this  manner.  There  did  not  appear  to  be  any  special  corros- 
ion problems  associated  with  this  operation.   In  November  1955 
the  installation  of  a  CO  boiler  precluded  further  use  of  this 
means  of  disposal.   It  should  be  pointed  out  that  this  proced- 
ure evaporated  phenolic  compounds  to  the  atmosphere  rather 
than  destroying  them . 

3)  Injection  as  desalting  water  into  the  Crude  Oil  Desalting 
System 

In  our  Crude  Unit  about  7%  wash  water  is  used  for  salt  re- 
moval. The  crude  oil  and  water  are  mixed  and  after  heating  to 
about  250°F  are  separated  with  the  aid  of  a  demulsifying  chemical. 
Laboratory  examination  showed  that  if  phenolic  water  from  the 
Cat.  Cracker  were  used  for  this  purpose  about  90'/i  of  the  phen- 
olic compounds  present  would  be  transferred  to  the  crude  oil. 
In  September  1954,  phenolic  water  which  had  previously  been 
going  to  the  Cat.  Cracker  Regenerator  stack  was  diverted  for 
use  as  crude  desalting  water.   The  system  is  shown  diagramat.ic- 
ally  in  figure  1.   As  anticipated  the  effluent  desalter  water 
contained  only  some  10%  of  the  phenolic  compounds  originally 
present.   It  was  found  that  a  major  proportion  of  the  phenols 
passed  into  the  feed  to  the  Catalytic  Reforming  Unit  where  it 
is  believed  they  were  reduced  to  the  corresponding  hydrocarbons. 
However,  some  appeared  in  the  crude  atmospheric  tower  aqueous 
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condensate  which  was  returned  as  desalting  water  and  some  in 
the  caustic  washes  on  light  gasoline  and  stove  oil  products. 

Considerable  trouble  was  experienced  with  fouling  of  the 
exchanger  train  by  calcium -carbonate  scale  which  appeared  to  result 
from  tUe  presence  of  e^lciur.  in  the  crude  and  carbon  dioxide  in  the 
the  desalting  water.  This  was  overcome  by  injecting  the  atmos- 
pheric and  vacuum  condensate  streams  ahead  of  the  exchanger 
train  and  the  phenolic  water  after  it.   Calcium  carbonate  foul- 
ing was  then  experienced  in  the  mixing  valve  which  is  placed 
immediately  downstream  from  the  point  where  the  phenolic  water 
was  introduced  into  the  crude  oil  and  in  the  desalter  water 
exchanger.   Although  some  success  in  alleviating  this  was  ach- 
ieved by  the  addition  of  various  anti-fouling  agents,  frequent 
cleaning  of  the  valve  and  exchanger  was  necessary.   During  the 
period  that  phenolic  water  wrs  injected  into  the  crude  there  was 
a  considerable  increase  in  corrosion  in  the  flash  and  atmospheric 
tower  furnace  tubes.   while  a  simultaneous  increase  in  crude 
oil  through-put  prevented  a  definite  diagnosis  of  the  the  cause, 
the  use  of  the  phenolic  water  is  believed  to  have  been  the  major 
contributor. 

4)  Stripnjn,"  followed  by  tio  logical  oxidation 

After  some  deliberation  it  was  decided  that  the  best  method 
available  for  further  reduction  of  the  cresol  content  of  our 
waste  water  was  to  instal  a  hydrogen  sulphide  stripper  and  a 
biological  oxidation  unit.   The  intention  was  to  collect  the 
desalting  water  and  other  phenolic  streams  at  the  Crude  Unit 
and  to  treat  them  in  the  new  installation,  and  the  design  was 
carried  out  on  this  basis.  However,  considerable  trouble  was 
experienced  with  fouling  of  the  stripper  with  calcium  carbonate 
scale  and  satisfrctory  operation  for  more  than  about  a  week 
was  never  achieved. 

As  a  result  of  this,  in  October  1956  the  excess  phenolic 
water  was  temporarily  taken  out  of  the  Crude  Unit  and  an  attempt 
made  to  process  it  directly.   This  scheme  was  so  successful  that 
it  has  been  in  operation  ever  since.   The  stripper  and  bio- 
oxidation  units  are  considered  in  more  detail  later  in  the  paper. 

DESCRIPTION  OF  PKESKttT  SYSTEM 

General 

The  flow  plan  of  our  present  Phenolic  Disposal  System  is 
shown  in  figure  2.  The  phenol  bearing  water  streams  from  the 
Cat.  Cracker  are  collected  in  the  phenolic  water  drum.   This 
serves  as  surge  capacity  and  separates  any  entrained  oil  from 
the  water.   From  it  water  is  supplied  to  the  Regenerator  sprays 
as  well  as  to  the  stripper.   The  means  for  disposal  to  the 
Crude  Desalting  system  has  been  retained  for  use  in  an  emergency. 
The  hydrogen  sulphide  free  effluent  from  the  stripper,  after 
cooling,  flows  directly  to  the  Aero-Accelator  where  biological 
oxidation  of  the  phenolic  compounds  takes  place. 
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Coll e c tion  System 


Figure  3  shows  the  collection  system  in  more  detail.   It 
will  be  seen  that  the  collection  drum  is  divided  into  two 
sections.   The  effluent  v/ater  streams  flow  into  tho  bottom  of 
the  main  section.   An  oil  level  is  maintained  in  this  section 
by  means  of  an  interfacial  level  controller.   The  excess  oil 
overflows  into  the  smaller  section  of  the  drum  and  is  pumped 
away  periodically.   The  effluent  water  from  the  drum  is  divided 
into  three  streams  each  at  constant  flow,  to  the  Regenerator 
sprays,  to  the  stripper  and  to  the  Crude  Desalting  system  re- 
spectively.  To  permit  this  a  small  continuous  make-up  of  cool- 
ing water  is  maintained  by  means  of  the  interfacial  level  con- 
troller. 

Typical  anrlyses  of  the  original  phenolic  v/ater  streams 
are  shown  below: 

Table  I 


Typi 

cal  Analyses  of  Phenolic  water  Streams 
from  Catalytic  Cracking  Unit 

Approx. 
Flov/ 

P  h  e  n 

o  1  s 

H2S 

I.g.p.m. 

ppm 

lbs/day 

ppm 

pH 

Fracti  onator 
Condensate 

25 

760-900 

274-324 

2  500 
-4000 

7.5-3.5 

Wash  Waters: 

Gas  Rec.  System 
Gasoline  Feed 

11 

430-630 

76-103 

4000 
-5000 

7.5-7.9 

Light  Gasoline 

20 

200-260 

53-75 

nil 

7.5-3.3 

Kaphtha 

4 

120-195 

7-11 

nil 

7.5-9.2 

The  main  source  of  phenolic  compounds  is  the  aqueous  conden- 
sate from  the  main  fractionator.   This  stream  carries  about  300 
lbs.  of  phenol  equivalents  per  day  (as  determined  by  the  Gibb's 
method).   Second  in  respect  to  the  amount  of  phenol  is  the  wash 
water  whicn  has  been  used  for  treating  the  light  gasoline  stream 
from  the  main  fractionator.   These  two  streams  also  contain 
high  concentrations  of  hydrogen  sulphide.   The  last  two  water 
stresms  shown  in  table  1  are  from  water  washes  following  after 
a  caustic  wash.   They  arc  therefore  normally  free  of  hydrogen 
sulphide  and  appreciably  lower  in  phenol  content. 

Phenolic  Water  Stripper 

Figure  4  shows  a  diagramatic  representation  of  the  stripper. 
Tho  feed  passes  through  a  spr.iy  nozzle  at  the  top  of  the  tower 
and  flows  down  through  five  grid  trays  against  an  upcoming  stream 
of  steam  and  flue  gas.  The  treated  water  is  pumped  from  the 
bottom  of  the  stripper  through  a  level  control  valve  to  a  cooler 
and  thence  to  the  Aero-Accelator . 
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The  flue  g@s  is  suop] ied  from  the  Cat.  Cracker  at  a  pressure 
only  slightly  above  atmospheric  and  about  1600  s.c.f.m.  are  drawn 
in  by  means  of  a  thenuocompressor  using  150  lb.  steam.   Addition- 
al steam  is  also  injected  directly.   Steam  and  flue  gas  leaving 
the  top  of  the  stripper  piss  into  the  fire  box  of  a  heater. 

The  stripper  removes  all  or  practically  all  the  hydrogen 
sulphide  from  the  feed  at  a  pH  of  about  3.0  to  9.0,  with  a  bottom 
temperature  of  190  -  200°F.   At  the  same  time  the  phenol  concen- 
tration is  lowered  to  about  one  third  of  its  original  value. 

The  stripper  is  checked  four  times  per  shift  for  approximate 
pH  and  H2S  content.  The  phenol  contents  of  the  feed  and  efflu- 
ent are  determined  three  times  a  week. 

The  tower  is  of  unlined  carbon  steel  and  some  corrosion  has 
taken  place.  This  is  especially  the  case  in  the  lower  part  of 
the  tover  where  the  steam  and  flue  gas  inlets  are  placed. 
Opposite  the  flue  g?s  inlet  the  corrosion  over  a  period  of  a 
year  was  pbout  1/lOth  of  an  inch.  However  during  the  early 
part  of  the  period  considered  flue  ges   from  a  heater  stack  was 
used.  This  had  an  S02  content  of  about  2.5  wgt.%  and  it  is 
believed  that  this  may  have  been  responsible  for  most  of  the 
corrosion.   Use  of  this  flue  gas  for  stripping  was  discontinued 
mainly  because  of  the  difficulty  of  obtaining  satisfactory  H2S 
removal  without  introducing  an  excessive  sulphite  concentration. 
In  the  top  of  the  tower  the  corrosion  rate  appears  to  have  been 
negligible. 

Aero- Ace elator 

Figure  5  shows  a  cross  section  of  the  Aero-Accelator ,  a  bio- 
logical oxidation  unit  of  the  activated  sludge  type  designed 
by  Infilco  Corporation,  Tucson,  Arizona.  Our  installation  was 
desiined  to  process  a  flow  of  75  i.g.p.m.  of  waste  water  with  a 
phenol  loading  of  150  lbs/day.  The  installation  consists  of 
a  tank  16  feet  high  and  2?i  ft.  in  diameter  divided  by  baffles 
into  an  aeration  zone  which  is  equipped  with  a  vortimixer,  and 
a  settling  zone.   Air  is  fed  in  through  a  distributor  directly 
below  the  vortimixer  blades  by  three  Roots  Connersville  centri- 
fugal compressors  of  150  c.f.m.  capacity  each.  The  feed  enters 
the  tank  at  the  bottom  in  the  centre  and  leaves  by  overflowing 
a  weir  along  the  outside  edge  of  the  settling  zone.   The 
settled  sludge  and  a  considerable  internal  recycle  are  recirc- 
ulated to  the  aeration  zone  by  the  action  of  the  vortimixer. 

Start-up  is  achieved  by  seeding  with  a  truckload  of  sludge 
from  an  activated  sludge  sewage  disposal  plant  at  London,  Ontario 
As  soon  as  the  dissolved  oxygen  has  been  brought  up  to  a  concen- 
tration of  2  p. p.m.  the  full  flow  of  phenolic  water  feed  can  be 
rapidly  assimilated.  \ 

Approximately  21+   hours  is  required  from  seeding  to  full 
operation. 
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Once  the  plant  is  operating  little  attention  is  necessary 
so  long  as  proper  stripper  operation  is  maintained.  Initially 
some  trouble  was  experienced  from  lack  of  ammonia  and  phosphate 
which  is  now  added  by  hand  once  per  shift  in  the  form  of  am- 
monium phosphate  at  the  rate  of  30  lbs/day.  Typical  operating 
conditions  are. shown  in  table  2. 

Table  2 

Typical  Operating  Conditions 
for  Aero-Accelator 

Feed  Rate  i.g.p.m,  40 

Temperature  °F  95 

Air  added,  cu . f t . /min .  150 

Blow-off,  %   of  time  3-7 

Ammonium  Phosphate  added 

lbs/day  30 

Analytical  Data: 

%  Slurry  settled  in  30  min.   15   -  35 

%  Slurry  by  centrifuging         2,1  -  4.0 

Dissolved  Oxygen  p. p.m.  3 

The  oxygen  content  of  the  effluent  from  the  aeration  zone 
of  the  Aero-Accelator  is  determined  and  the  volume  and  quality 
of  the  sludge  floe  checked  twice  per  shift.     The  phenol  content 
of  the   Accelator  effluent   is  checked  three  times  a  week. 

The  overall  operation  of  the   stripper  and   Aero-Accelator 
is  summarized  in  the  analyses  shown  in  table  3  below: 

Table   3 

Typical  Analyses  of  Phenolic  water  before  and  after 
Stripper  and  of  Accelator  Effluent 


Phenols     H2S 
ppm  lbs/day  ppm  pH 


Phenolic  Water  before  Stripper  500   288    2000  8.5 

Phenolic  Water  after  Stripper   160    92    <  10  8.7 
Accelator  Effluent  0.02  0.01    0  7.5 
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Phenolic  contents  of  the  stripper  feed  have  varied  between 
250  and  670  ppm  and  of  the  accelator  feed  between  h'y   and  220 
ppm.  The  phenol  content  of  the  accelator  effluent  has  remained 
close  to  20  p.p.b.  regardless  of  feed  concentration. 

No  attempt  has  been  made  to  assess  accurately  the  operat- 
ing costs  of  the  unit.  However  the  principal  contribution  would 
appear  to  derive  from  steam  consumed  by  the  stripper. 

CONCLUSIONS 

1)  Cresol  bearing  waters  from  a  Catalytic  Cracking  Unit 
can  be  virtually  completely  destroyed. 

a)  by  injection  as  spray  water  to  the  Regenerator  bed  of  the 
Cat.  Cracker  to  the  extent  that  such  cooling  effect  is 
necessary. 

b)  by  stripping  with  steam  and  flue  gas  followed  by  biological 
oxidation, 

2)  Within  the  limits  of  phenol  concentrations  experienced 
and  so  long  as  proper  stripper  operation  is  maintained,  large 
scale  storage  is  not  essential  to  proper  operation  of  an  Aero- 
Accelator  on  a  continuous  basis. 

3)  Injection  of  phenolic  water  into  the  crude  stream  as 
desalting  water  offers  a  practicable  means  of  emergency  disposal 
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Harold  F.  Elkin 

Engineering  Jivision,  lianufacturiag  Dopartiunt 
Sun  Oil  Company 
Philadelphia,  Pa. 


Biological  oxidation  of  effluent  waters  has  bccomo  an 
oatablishod  process  in  oil  refinery  practice  in  rocent  years.  3overol 
commercial-scale  activated  oludgo  and  trickling  filter  u:.its  havo 
beon  installed  for  organic  waste  reduction  by  various  refiners  sinco 
1953.  This  equipment  ha3  oporatod  successfully,  proving  the  applicability 
of  bacterial  oxidation  to  :  refinery  offluonts  containing  phenols 
and  othor  oxygon-consuming  contaminants. 

Coincident  with  the  need  for  improvod  quality  of  refinery 
effluent  waters  to  prevent  pollution  of  rociving  stroans  has  beon 
the  growing  requirement  for  new  uator  supplies  to  satisfy  the 
increased  demands  of  industrial  expansion.  The  shortage  of  existing 
wator  supply  facilities  has  led  refiners  to  dovolop  nc\;  sources  and 
in  3omo  cases  to  treat  waste  waters  for  ro-u3e  within  the  refinery  to 
reduce  requirements  from  external  sourcos.  Until  recently  the  need 
for  costly  intermediate  troatmont  procedures  has  been  a  deterrent 
to  the  application  of  additional  re-use  procedures. 

k   now  method  of  utilizing  wa3to  waters  has  boon  developed 
that  does  not  require  extonslve  protreatraont  and  achieves  pollution 
reduction  of  the  over-all  of fluent.  This  dual  benefit  is  accomplished 
by  seloctivo  segregation  of  waste  waters  at  thoir  source,  3imple 
gravity  separation  of  oil  and  3ettloablo  3olids  in  conventional  API 
separators,  four  to  five  days  retention  in  on  impounding  basin  for 
equalizing  the  flow,  and  then  biological  oxidation  in  refinery 
cooling  towers.  The  use  of  cooling  tower  sy3tonu  for  bacterial  oxidation 
represents  a  departure  from  the  conventlonallly  usodtkrickling  filter 
or  activated  sludge  equipment. 

Waste  Disposal  and  Re-Uso  system 

Biological  oxidation  of  waste  waters  in  cooling  tower  systems 
has  boon  employed  in  the  Toledo,  Ohio,  refinery  of  the  Jun  Oil  Company. 
Following  a  5-yoar  period  of  design  and  construction  a  new  process 
revision  to  the  refinery's  water  3upply  and  waste  disposal  system  has 
been  completed.  Tho  new  facility  embodies  comprehensive  pollution 
control  of  all  rofinery  waste  wators,  extensive  re-use  of  waters  within 
the  rofinery  with  minimum  pretreatment  and  a  virtually  unlimited  water 
supply  for  emergency  fire  protection 
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Tho  need  for  Installing  now  wator  supply  linos  and  treatment  facilities 
or  purchasing  increased  quantities  of  municipal  wator  has  boon  eliminated. 

Cooling  towers  ware  selected  as  tho  equipment  to  utilize  the 
Tre-usc"  waters  primarily  because  of  their  high  volume  demand  and 
their  potential  ability  to  serve  as  trcatnent  units  for  biolc&ical 
oxidation  of  pollutants  in  the  wasto  waters.  Effectivo  oxidation  of 
phenolic  compounds  and  reduction  of  chemical  oxygen  demand  in 
conventional  cooling  tovors  would  obviate  tho  need  for  extensive 
i/asto  treatment  equipment  for  improvement  of  the  final  effluent. 
Cooling  towers  also  have  the  advantage  of  requiring  a  relatively 
low  quality  make-up  water,  compared  with  other  process  equipment, 
thereby  eliminating  costly  pretreatuont  of  the  water  re-used. 
Furthermore,  tho  toi/ora  \/ould  reduco  by  evaporation  during  recirculation 
tho  over-all  quantity  of  waste  discharge. 

Installing  the  Rc-Uco  System 

Flguro  1  is  a  flow,  diagram  showing  the  segregation  of  the  various 
classes  of  waste  waters*  the  collection,  storage,  and  re-use  of  the 
ofCluont  and  tho  quantities  involvod.  The  indicated  flow  ratos 
represent  tho  calculated  theoretical  water  balance  for  the  refinery 
when  the  entire  system  is  placod  in  operation. 

The  first  stop  in  the  program  was  the  installation  of  a  fluo 
ga3  stripping  tower  to  remove  sulfides  and  mercaptons  in  tho  process 
waste  waters.  These  sulfur  compounds  would  bo  undesirpble  contaminants 
in  tho  re-uso  supply  sinco  they  could  reduce  the  efficiency  of  biological 
oxidation  and  could  be  corrosive  to  tubular  equipment  used  in  the  cooling 
system.  Approximately  200  g.p.m,  of  process  waters  containing  sulfides 
and  ::crcaptans  are  fed  to  a  5-ft.  diameter  by  31  ft.  vertical  stripping 
towor  packed  with  Raschig  rings.  A  flow  of  120,000  cu.  ft.  per  hour 
of  950°i;'.  flue  gas  from  a  catalytic  cracking  regenerator  is  passed 
through  tho  stripper  for  sulfide  removal.  Temperature  in  the  tower 
is  maintained  at  approximately  190°F.  Recently,  sulfuric  acid  has 
been  used  for  pll  adjustment  and  bettor  stripping.  This  unit  has 
performed  efficiently  and  maintained  a  satisfactory  quality  in  the 
subsequent  re-uso  system* 

The  second  phase  of  tho  project  consisted  of  completely 
segregating  refinery  wa3te  waters  according  to  oheaical  characteristic  f. 
Low  alkalinity  process  waste  waters  from  ouch  operations  as  steam 
stripping,  once  through  cooling  of  pump  bearings,  and  miscellaneous 
wash  wators  togothor  with  contaminated  storm  water  from  ground  run-off ^ 
flow  through  tho  existing  rofinory  drainage  system  to  the  API  separator 
for  primary  removal  of  oil  and  settloablo  solids. 

An  impounding  basin,  1,200  ft.  long  by  200  ft.  wide  and  10  ft. 
deep,  with  a  maximum  liquid  capacity  of  8,000,000  gal*,  was  constructed 
at  the  outlet  end  of  the  API  separator  to  provide  four  to  five  days 
storage,  flow  equalisation,  removal  of  residual  freo  oil  and  settluable 
solids,  and  preliminary  roduction  of  chomical  and  biochemical  oxygen 
demand.  A  minimum  of  1,500,000  gal.  of  waste  water  is  reserved  in  the 
impounding  basin  to  provide  an  emergency  fire  wator  supply  for  not 
less  than  10  hr. 
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Oil-free  waste  viators,  high  in  alkalinity  and  not  suitable  for 
ro-uce,  including  ion  exchange  regeneration  water  from  the  water  plant  and 
blow  down  fron  steam  boilers,  nro  collected  and  sewered  directly  to  tho 
receiving  stream.  Oil-bearing,  high  alkalinity  waste  waters,  including 
cooling  tower  blowdown  and  crude  desalting  wash  water,  are  segregated 
in  a  new  aewor  systora  and  delivered  to  an  auxiliary  API  high-solid3 
soparator  for  oil  removal  before  discharge.  Tho  main  quantity  of  rofinory 
waste  waters  is  collected  in  tho  low  alkalinity  rc-use  sower  and 
impounding  basin  system.  Two  750-g.p.m.  pumps  wero  installed  at  the 
impounding  basin  to  return  process  and  storm  wator  to  the  existing 
refinery  cooling  towers  for  make-up  wator.  l.'o  treatment  except 
gravity  separation  and  impounding  has  been  required  prior  to  re-uoo 
of  this  wator.  Additional  details  of  the  ovor-all  installation  v/ere 
presented  in  another  paper  (1). 

Re-Use  Operation 

In  IJovombor  1954,  the  first  ro-uso  of  waste  water  was  started 
at  tho  Toledo  Refinery,  One  pump  was  operated  to  return  600  g.p.m.  of 
waste  water  to  the  main  return  line  of  a  large  forced  draft  cooling 
tower.  This  tower  cools  circulating  wator  for  conventional  condensers 
and  coolers  In  a  catalytic  cracking  plant. 

Within  a  few  hours  after  the  start-up  of  ro-uso  operation, 
there  was  ovidenco  of  a  good  bacterial  floe  in  tho  systora.  bacterial 
seed  was  not  necessary  to  initiate  tho  growth  of  an  active  colony 
of  bacteria.  The  phenol  content  of  the  blowdown  wator  from  this  system 
wa3  reduced  more  than  99  por  cont.  From  the  initial  data,  it  has  boon 
provon  that  tho  active  bacterial  sludgo  contained  phonol-oxiuiaing 
microorganisms.  These  bacteriu  ore  apparently  both  wator  and  air-borne, 

Examination  of  the  bacterial  sludge  by  means  of  the  optical 
and  electron  microscopes  has  shown  the  presence  of  rod-shaped  bacilli 
and  circular  cocci,  and  bacterial  identification  studies  are  now  in 
progress.  Previous  investigators  (2)  have  Indicated  that  ouch  genora 
as  Achromobacter  and  Kicroooccus  are  effective  phenol  oxidizers* 

In  this  typo  of  biological  oxidation,  the  microorocaniams 
present  are  heterotrophic  bacteria  which  depend  on  organic  compounds 
as  a  source  of  onergy.  These  bacteria  aro  c lossif iod  ao  neoophillc 
since  their  optimum  activity  is  in  a  temperature  range  of  60°  to 
100°F. 

According  to  Rudolfs  {>)  tho  destruction  of  aromatic  compounds 
by  biological  oxidation  is  initiated  by  oxiuation  of  tho  side  chain 
and  this  is  followed  by  the  splitting  of  the  nuclear  ring  and 
subsequent  oxidation.  The  end  products  of  the  reaction  aro  carbon 
dioxide  and  water. 

The  rato  of  destruction  of  phenolic-typo  compounds  is  dependent 
upon  several  variablos  including  tho  typos  of  compounds,  the  concentration 
of  the  compounds,  tho  tenpornture  of  tho  water,  tho  availability  of 
auxiliary  nutrients  such  as  nitrogen  and  phosphorus  compounds,  and  the 
presence  in  the  eystem  of  microfauna  and  microflora. 
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Cooling  Towcr  Operating  Data 


I  TEM 


OETA IL 


Type 

Number  of  cells 

Cell  dimensions 

Wi  OTM 

Length 

Height 

F  ASS 


/ATER  RATES   (g.P.M 

Circulating 

H AK  E-UP 

Blowoown 
Air  rate  {c ,f .m.  ) 
Air-water  ratio 
Temperatures  ( °F  ) 
Water  inlet 
Jater  Outlet 


(ft): 


)l 


Forced  draft 
i'i 

30 
16 

dAr 

12 -FT.,  4- BLADE  PLASTIC* 
ONE  PER  CELL 


17,500 

600-1,000 

iDO-oOO 

3,000,000 

1.56 

83  to  98 
64  to  80 


The  data  presented  in  Table  I  shows  that  the  forced  draft 
cooling  towor  offers  exceptionally  good  physical  conditons  for  biological 
oxidation  by  providing  extensive  intornal  contact  surfaces*  The  dilution 
factor  ranges  from  17  to  29,  and  this  prevents  any  shook  to  the  establish- 
ed biological  equilibrium  whon  largo  variations  are  enoountered  in  the 
phonol  load  of  the  .make-up  water.  An  anple  supply  of  available 
oxygen  is  insured  by  the  air  to  water  weight  ration  of  1,58.  A 
temperature  range  of  64°  to  98 °F.  is  conducive  to  a  high  rate  of 
bacterial  growth. 

Ammonium  corn-pounds  are  present  in  the  phenolic  make-up  water 
and  servo  a3  nutrients  for  tho  growth  of  tho  bacteria,  Phosphatos 
ore  added  to  tho  circulating  cooling  water  to  improve  the  food  balance 
and  establish  a  high  degree  of  bacterW  activity.  This  biological 
oxidation  process  functions  with  a  light  bacterial  floo  circulating 
from  the  cooling  towor  through  a  11  of  the  plant  cooling  oquipmont 
before  returning  to  the  towor,  This  system  combines  tho  high-rate 
trickling  filter  and  and  recirculating  sludge  proco3ses  into  one  highly 
effective  waste  treatment  installation. 

Comprehensive  data  on  the  phonol  removal  officiency  of  tho  re-Use 
water  operation  are  listed  in  Tablo  II,  Tho  averago  reduction  oXcoodod 
99  per  cont  under  widely  variable  concentrations  of  phenol  and 
fluctuating  refinery  operating  conditions. 
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When  the  success  of  il»   first  phase  of  operation  was, 
the  second  re-use  pump  w.- s  placed  in  service  to  determine  the  per- 
formance of  the  biological  oxidation  under  approximately  double 
the   initial  load,      i'o  Perceptible   loss  in  efficiency  was  noted 
even  after  process  waters  fron  two  Houdriflow  catalytic  cracking 
plants  were  included  in  the  mate-up  water. 

A  peak  phenol  loading  occurred  on  February  7,   1956.     At 
this  time,   RUO  lb.   per  day  of  phenolic  compounds  were  fed  to  the 
cooling  tower.     Only  2,5  lb.   per  day  of  phenols  were  discharged 
in  the.  oxidized  blowdown  water.     The  per  cent  of  removal  was  99.7 
under  these  conditions. 

Chemical  oxygen  demand  efficiency  data  are  summarised  in 
Table  111.     The  first  section  of  the  table  includes  results 
obtained  during  periods  when  the  cooling  tower  was  receiving  a 
make-up  v/ater  supply  of  600  g.   p.  m.     The  daily  quantities  of 
C.  0,   D.   present   in  the  muke-up  water  varied  between  1,435  and  3,860  lb., 
with  an  average  reduction  of  t39  per  cent. 

The  second  set  of  data  in  Table  111  illustrates  the  C.  0.  D. 
reduction  attained  when  both  re-use  water  pumps  were  operated.     In 
considering  the  results ,   it  appears  that  a  loss  in  efficiency  is 
encountered  when  the  blowdown  rate  is  increased.     The  average  C.  0.   D. 
removal  was  68  per  cent  under  these  conditions.     Present  operation 
is  based  on  a  minimum  blowdown  rate  so  that  the  optimum  oxygen  demand 
i3  satisfied, 

A  complete   program  for  evaluating  this  system  included 
frequent  chemical  control  tests  for  all  significant  components  in  the 
make-up  and  circulating  water. 

From  the  standpoint  of  quality,  the  high  alkalinity  of  the 
make-up  water  is  undesirable.     Concentrated  sulfuric  acid  is  added  to 
the  circulating  cooling  water  to  depress  the  alkalinity  to  approx- 
imately 100  p.  p.  m.   as  calcium  carbonate.     Because  the  bacteria 
produce  oarbon  dioxide  as  an  end  product  in  the  destruction  of  organic 
compounds,  appreciable  acidity  is  contributed;  therefore  sulfuric  acid 
consumption  is  correspondingly  decreased  below  the  stoichiometric 
demand. 

St»dium  polyphosphate  is  fed  into  the  cooling  water  three 
times  each  day.     This  surface-active  agent  is  considered  beneficial 
in  controlling  corrosion  and  scale  deposition  in  the  refinery  boilers. 
As  previously  mentioned,  phosphates  also  are  very  essential  nutrients 
in  the  biological  oxidation  process. 

The  bacterial  floe  accounts  for  almost  all  of  the   suspended 
solids  in  the  circulating  water.     Although  most  of  the   operation  was 
carried  out  with  2.1  cycles  of  concentration  baaed  on  chloride  content 
of  the  iraxe-up  and  circulating  water,  the  average  dissolved  solids 
content  shcWB  only  a  slight  increase  in  the  recirculating  cooling 
water  system.     This  trend  is  a  result  of  biological  oxidation  «id 
the  volatilization  of  certain  compounds  from  the  cooling  tower. 
Since  a  problem  of  excessive  concentration  is  avoided,  the  tcwer 
requires  only  a  small  blcwdown  rate. 
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At  times,   appreciabDe  concentrations  of  copper  arc  noted 
in  the   circulating  water.     No  decrease  in  the  activity  of  the  bacteria 
has  been  detected  in  spite  of  these  surges  of  copper,     A  recent  pub- 
lication (4)  stated  that  phenol -consuming  bacteria  can  tolerate  up  to 
100  p.   p.  a.  of  copper. 

Approximately  50  per  cent  of  the  ammonia  is  consumed  in  the 
biological  oxidation  system.      It  is  believed  that  the  ammonia  content 
is  quite  important  in  the   preservation  of  a  good  level  of  metabolic 
activity.     Other  pertinent  chemical  data  are  included  in  Table   IV. 

Operating    Effects 

Sludge  and  Algae 

The  possible  detrimental  effect  of  the  bacterial  sludge  on 
heat  transfer  in  the  refinery  cooling  equipment  was  a  subject  of  some 
concern.     A  program  of  backwashing  all  condensers  and  coolers  once 
each  shift  was  inaugurated  at  the  time  water  re-use  was  started.     The 
fluid  characteristics  of  the  bacterial  sludge  gave  a  reasonable  as- 
surance that  backwashing  could  prevent  fouling  of  the  boiler  tubes. 

During  the   first   few  weeks  of  water  re-use  operation,  a 
weekly  shock  treatment  of  chlorine  was  used  as  added  insurance  against 
a  reduction  in  heat  transfer  efficiency.     This  treatment  was  discon- 
tinued after  six  weeks  and  no  build-up  of  bacterial  growths  has  been 
encountered. 

Periodic  purveys  before  and   after  initiating  the  re-use 
system  show  a  consistent  heat  treatment   coefficient  of  50  Btu,   per 
square  foot  per  hour  per  degree  Fahrenheit.     It  is   planned  to  con- 
tinue this  program  of  checking  plant  units  on  a  routine  basis. 

No  objectionable  algae  or  slime  growths  have  been  detected 
in  this  cooling  water  system  since  the  start  of  biological  oxidation. 
The  phenol-destroying  bacteria  are  believed  to  consume  algae  and  thus 
exert  a  strong  controlling  influence  in  curbing  such  conditions. 

Corrosion 

The  last  major  investigation  was  concerned  with  the  study  of 
corrosion  rates  in  the  re-uso  water  system.     Miniature  heat  exchangers 
were  installed  so  that  frequent  observations  could  be  made  to  deter- 
mine the   condition  of  the  brass  and  steel  tubes.      In  addition,  two 
new  flanged  elbows  were   placed  in  service  so  that  line  thickness 
measurerents  and  inspection  data  could  be  secured  during  scheduled 
shutdowns. 

Thus  far  no  tuberculation  or  pitting  of  steel  has  been 
evident.      The  dissolved  organic  wastes  in  the   re-use  water  exert  a 
high  oxygen  demand  in  the  water  pumped  from  the  cooling  tower  to  the 
plant  tubular  equipment  and  probably  serve  to  control  some  of  the 
corrosive  tendencies  usually  exhibited  by  oxygen-saturated  cooling 
water. 


<J  t 
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Tiiblti  V  includes  eon-onion  rate  data  for  st^el  and  brass  tubo 
Tho  average  rule  for  Btctil  was  O.QOfi  in.  nor  year,   whereas   that  for 
braso  wn;i  0,0035  to.  por  year,     Tbatfo  aoauitpud  corrosion  raloa  tiro  at 
essentially  t.ho  sano  lo\/  levels  an  previously  observed  when  fresh  v/atur 
make-up  was  used. 

Examination  of  wood  specimens  obtained  from  tho  iC-yoar  old 
cooling  tower,  after  four  months  of  water  rc-uso  operation,  diselosod 
no  ovidonce  of  biological  deterioration.  Additional  periodic 
inspections  are  planned,  including  checks  on  fresh-wood  spocimons. 


Conclusions 

Biological  o::idation  of  refinery  waste  waters  in  cooling  tower 
equipment  represents  a  highly  efficient  and  economical  treatment 
process.  This  practical  rc-thod  for  pollution  reduction  offers  an 
attractive  alternative  to  conventional  trickling  filter  or  activated 
sludge  Methods,  Selective  segregation  of  procoss  wastes  at  their 
sources  and  elimination  of  undesirable  constituents  such  as  oil, 
sulfur  compounds,  alkalinity  .and  eottleablc  solids  must  bo  accomplished 
before  re-use  streams  or*  fod  to  cooling  lowers  in  order  to  maintain 
satisfactory  quality  of  the  circulating  water. 

Extending  wasto  segregation,  storage,  raid  wator  re-use  to  the 
entire  refinery  providos  an.  integrated  systen  for  pollution  control, 
water  conservation,  and  emergency  fire  protoction. 
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Table  i  i 


Phenol  Removal  Efficiency  in  a  Forced  Draft  Cooling  Tower 


3  a  ;i  p  l  r. 

Flow 

M 1 LL  1  ON 

Phenols 

OP-.: 

Date 

L  OO/UIO  N 

r.  ,  p  .  M  . 

M  .  1  .  D 

,    lu/day 

p.p.m.    lb/      Removal         er- 

uay       Le/ 

/•>                  A- 

DAY 

T  1  ON 

1954 

D  E  c  .  1  6 

i  I  A  K  E  -  U  P 

600 

0.8  05 

7.210 

|8.4 

133 

__ 

-_ 

CL0/TuWN 

■  00 

0.  144 

I  .  I  98 

0.  194 

0.23 

I32.H 

99,8 

* 

Dec. 29 

Make-up 

565 

0.8|5 

6.790 

15.7 

107 

-- 

mm 

13  L  0  W  0  0  W  N 

100 

0.  144 

1.198 

0.2l  1 

0.25 

106.8 

99.6 

* 

■  955 

Feb. 23 

.'ake-up 

l  ,  i  0  0 

1  .590 

13.250 

8.6 

1  14 

— 

-- 

Blowd  own 

600 

0.875 

7.280 

0.  167 

1  .2 

1  12.8 

98.9 

+ 

Mar. 22 

Make-up 

1  ,  I  00 

1  .590 

13  .250 

12.7 

169 

-_    . 

-- 

Slowdown 

600 

0.875 

7.280 

0.208 

l  .5 

167.5 

99.2 

s. 

Mar. 24 

Make-up 

1,1  65 

1  .706 

14  .220 

12.7 

l  8  l 

_- 

.   0  L0W00WN 

6  00 

0.875 

7.290 

0.324 

2.4 

178.6 

98.7 

a 

N  a  v  .  7 

Make-up 

600 

0.865 

7 .  ?  I  0 

19.6 

141 

-- 

-- 

Clovjdown 

100 

0.  144 

; 1 . 1 98 

o.aoo 

0.96 

140 

99.4 

# 

Nov  .  1  l 

Hake -Up 

600 

0.865 

!7.2|0 

48.0 

346 

— 

— 

b  L  0  W  0  0  W  N 

100 

0.  144 

-  1.196 

0.082 

0.099 

345.9 

99.9 

# 

Dec  .8 

Make  -U  p 

600 

0.865 

7.210 

43 

3  1  0 

-- 

-- 

0  L  0  W  0  0  W  N 

100 

0.  144 

1.198 

0.055 

0.066 

309.9 

99.9 

■ir 

Dec .29 

Make-up 

600 

0.865 

17.210 

53.5 

336 

-- 

-- 

Glowoown 

100 

0.  144 

l  .198 

0.016 

0.  0l9 

385.9 

99.9 

# 

1956 

Feb  .7 

H AKE-UP 

1  ,000 

I  .440 

. 12.000 

70.0 

840 

-- 

— 

Blowoown 

500 

0.720 

6.000 

0.41 

2.46 

337.5 

99.7 

X 

Feb  i  6 

M  A  K  E  -  LI  P 

l  ,000 

1  .44  0 

1.2.0  00 

25.6 

307 

-- 

— 

Slowdown 

500 

0.720 

6.000 

0.052 

0,31 

306.7 

99.9 

X 

*2.l  CYCLES  OF  CONCENTRATION, 

+1,2  CYCLES  OF  CONCENTRATION. 

■1.2  CYCLES  OK  CONCENTRATION. 

#2.1  CYCLES  OF  CONCENTRATION. 

XI. 2  CYCLES  OF  CONCENTRATION. 


Phenolic  water,  from  Houory  fixed-oeo  unit. 
Phenolic  water  from  Houory  fixed-bed  unit. 
Phenolic  waters  from  Houdry  fixed-bed  and 
houdriflow  units. 

Phenolic  waters  from  two  Houdriflow  units. 
Phenolic  waters  from  two  Houdriflow  units. 


. 
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Table  in 


Chemical  Oxygen  Demand  Removal  Efficiency 
in  a  Forced  Draft  Cooling  Tower 


Sample 

Location 

LiHEMI  CAL 

UXYGEN,  UEMANO 
i 

. 

Date 

(p  .r.M. } {lb/day 

reno  v alremo v al 
lb/day    {$  ) 

Operat 1  ON 

1955 

Nov.  3 

Make-up 

280 

2,020 

_  -  - 

mmam 

Slowdown 

188 

225 

1  ,795 

88.9 

it 

Make-up 

463 

3,340 

—  •m   — 

»*«*** 

Blowo  own 

285 

341 

2,999 

89.8 

22 

Make-up 

!   33  1 

£.390 

«_- 

m^wm.m 

Slowdown 

141 

(69 

2,22i 

93.  1 

Dec. 6 

H  a  k  t :  -  u  p 

i   541 

3,905 

2.1   CYCLES  OF  CONCEN- 

13 . 

2l 

.  Blowdown 
Make-up 
Blowdown 
Make-up 

369 
3U9 
194 
536 

. 

442 
2,802 

232 
3,860 

2,570 

88,8 
9 1.8 

TRATION. 

Phenolic  waters  from 
two  houdri  flow  u  n.  1  t.s 
600  g.  p.m. make-up 

WATER,   AND  lOOC.P.M. 

Blowdown 

344 

4l2 

3,448 

89.4 

BLOWDOWN  WASTE 

29 

i'i  a  k  e  -  U  P 

441  . 

3,170 

_  --. 

■**■  — 

t956 

.  G.lowdown 

369 

442 

2,736 

86.  I 

Jan.  4  i 

Make-up 

304 

2,190 

—  era. 

—  m  — 

i 

<  8  LO  WO  OWN 

196 

235 

1  ,955 

69.4 

I  1 

Make-up 

199 

1,435 

-  — — 

—  _  — 

Blowdown 

168 

201 

I  ,234 

8  6.1 

Fed.  i 

Make-up 

22  7 

2,725 

■k«l'H 



Slowdown 

152 

9(2 

1  ,8l3 

66.5 

7 

Make-up 

303 

3,630 

—  _  -. 

_  _ _ 

Slowdown 

237 

1  ,420 

2 , 2  l  0 

60.8 

1  .2  CYCLES  OF  CONCEN- 

17 
23 

Make-up 
Slowdown 
Make-up 
Slowdown 

233 
133 
301 
142 

2,790 
798 

3,610 
850 

1  ,992 
2,760 

71.4 
76.3 

TRATION, 

Phenolic  waters  fhom 
two  houoriflow  units 
1,00  0  c.p.m,  make-up 
water,  and  500  c.  .p.m. 

23 

Make-up 

266 

3,i90 

RLOWOOWN  WASTE, 

Slowdown 

165 

990 

2,2  00 

69.0 

Apr  .  4 

Make-up 

368 

4,420 

-__ 

—  —  — 

Slowdown 

263 

1  ,580 

2,840 

64.3 
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Table  l v 
Chemical  Quality  of  Cooling  Tower  Re-use  Water 


Cooling  Tower  Make-up (Ccol i ngtower  olowdown 


Max  . 


J.. 


MlN, 


Ave 


Max. 


M  l  n  , 


A  VG  . 


pH 

ALK AL I N I TY ,   AS  CaC03 

[p  .P.M.) 

Sulfates, as  Ca3  04(p.p,m 

I  RON  (TOTAL  ), AS  FE(p.P.Mi 

COPPER   (TOTAL), AS  CU 

(  P  .  P  ,  M  .  ) 

SuSPENDF.  0  GOLIDs(p.P.M.^ 

Dissolved  SolidsIp.p.m. 

Nitrogen  (basic), as  NH3 

(p . p .m. ) 

Phenolic  compounds, as 

phenol  (p. p.m.)  * 

C ,O.D .  (p. p  ,m  .  } 

B.O.D.  (p. p.m.  ) 


9.  15 

284 

431 

3.36 
4.90 

57 
678 
124 

74.0 

541 
259 


0.75 
68 

*93 
0.57 
0.  16 

tO 
336 

53 

8.4 

172 
82 


8.20 
163 

286 
I  .  19 

0.75 

28 
50| 
80 

25.9 

327 
158 


7.85 
160 

645 
3,84 
5.76 

164 
I  ,000 
132 

l  .20 

436 
208 


6.50 
52 

2l2 

0.63 
0.28 

24 
397 

39 

0.004 

141 

67 


7.25 
93 

436 
I  .68 
1.3  1 

72 
684 
81 

0.092; 

231 
I  I  I 


*  Phenolic  compounds  determined  by  the  4-am  i  noan t l pyr l ne  method 
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Taole  V 


Corrosion  Rate  Oata--Re-Use  Cooling  Water  System 


Date 

Water  Temp. 
(°F.) 

Corrosion  Rate 

Metal 

Inches 
Year 

HlLLI   GRAMS 

oq.  Decimeter 
Day 

3TEEL 

1955 
Jan.  13-Feb. 1 1 
Jan.  i 3 - F e o , i i 
Feb.  23-Mar, 17 
Feb.  23-Mar. i7 

1956 
Jan,  6-Apr.23 
Jan.  6-Apr.23 

90 
130 

90 
130 

90 
130 

0.005 
0.005 
0.003 
0.005 

0.007 
0.004 

2  7 
27 
■  6 
27 

40 
25 

Brass 

1954 
Nov,  26-Dec.  9 
Dec.  10,'54-Feb. 
1 1 , • 55 

1955 
Jan . i 3-Fes . I  I 
Fee  .  i  6-Mar. »7 
Fed.23-Kar.23 
Nov,  1  . ' 55-Aph .23 
'56 

90 

90 

90 
90 
90 

90 

0.004 

0,002 

0.006 
0.006 
0.003 

0.001 

25 

14 

30 
30 
19 

3 

- 

; 

i 
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SOME  EFFECTS  OF  POTASSIUM  CYANIDE  ON  SPECKLED  TROUT 
(SALV5LINUS  FONTINALIS) 


By 


JOHN  II.  NEIL,  Biologist 
Ontario  Water  Resources  Commission 
Toronto,  Ontario 

INTRODUCTION 

Several  excellent  studies  have  been  made  on 
the  lethal  effects  of  cyanide  (Herbert  and  Merkens  1952), 
and  on  the  changes  in  toxicity  brought  about  by  various 
environmental  factors,  such  as  oxygen  concentration  and 
temperature  (Southgate  et  al  1933)  (Wuhrmann  1953),  and 
the  influences  of  pll  (Doudoroff  1956).  A  number  of  other 
publications  are  available,  but  unfortunately  little 
information  is  given  on  the  environmental  conditions  under 
which  the  experiments  were  carried  out,  so  that  much  of 
the  value  of  this  information  is  lost. 

In  the  experiments  described  in  this  paper,  two 
general  aspects  of  the  effects'  of  cyanide  were  investigated, 
firstly,  a  comparison  of  survival  at  lethal  concentration 
between  fish  acclimated  to  cyanide  and  those  having  no 
previous  contact,  and  secondly,  the  effect  of  exposure  to 
sublethal  quantities  of  cyanide  on  the  ability  to  perform 
work.   This  information  was  derived  from  the  following 
four  individual  studies: 

(a)  The  relation  between  concentration  of 
cyanide  and  the  time -to-permanent - 
turnover . 

(b)  The  effect  of  prior  exposure  to  sublethal 
cyanide  concentrations  on  the  tirae-to- 
death  at  lethal  concentrations. 

(c)  The  effect, of  prior  exposure  to  sublethal 
cyanide  concentrations  on  the  ability  of 
the  fish  to  perform  work. 
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(d)  Influence  of  the  duration  of  exposure 
on  the  effect  of  those  sublethal  con- 
centrations of  cyanide  and  the  rate  of 
recovery  from  them. 

These  experiments  were  carried  out  with  speckled  trout 
Salvelinus  fontinalis  (Mitchill)  of  one  size  and  at  one 
temperature. 

The  results  of  the  lethal  experiments  have 
provided  some  additional  information  on  the  direct 
toxicity  of  cyanide  to  speckled  trout.  The  investi- 
gation into  the  effects  of  sublethal  cyanide  concen- 
trations has  provided  information  on  deleterious  effects 
below  the  lethal  level,  and  has  described  a  new  method 
by  which  future  studies  of  sublethal  quantities  of 
toxic  substances  nay  bo  made. 

V/hile  a  variety  of  factors  influencing  toxicity 
have  been  investigated,  little  or  no  information  is 
available  as  to  the  effect  of  sublethal  amounts  of  toxic 
substances  on  the  ability  of  fish  to  carry  out  the  normal 
requirements  of  life.   Fry  and  Hart  (194f*),  Graham  (1949), 
Job  (1955)  and  Basu  (ras.  1957)  have  presented  information 
on  the  relationship  between  activity  of  fish  and  tempera- 
ture and  concentrations  of  the  respiratory  gases,  but 
little  else  has  been  contributed. 

If  unfavourable  conditions  interfere  with  the 
ability  of  the  fish  to  perform  work,  then  feeding  and 
growth  are  reduced,  and  with  the  lowering  of  the  general 
health,  disease  and  predation  may  assume  unnatural  pro- 
portions. Interference  may  also  take  place  in  the 
movement  of  fish  to  breeding  areas,  new  feeding  grounds, 
or  movement  to  escape  an  unfavourable  environment.  Disabi- 
lity at  any  of  these  stages  can  lead  to  the  elimination 
of  a  population, 

MATERIALS  AND  METHODS 

The  speckled  trout  used  for  the  cyanide 
experiments  were  all  one  year  old  and  were  supplied  by 
the  Ontario  Department  of  Lands  and  -Forests  from  the 
Chatsworth  hatchery  in  January  of  the  years  1956  and  1957. 
Fish  of  approximately  the  same  size  were  selected,  ranging 
from  10  to  13  cm.  in  length  and  10  to  22  gm.  in  weight. 

The  trout  were  held  during  periods  of  accli- 
mation and  exposure  to  the  sublethal  cyanides  in  metal 
tanks  which  were  carefully  painted  with  a  plastic-type 
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paint,  so  that  at  no  time  was  any  metal  surface  exposed 
in  tanks  or  apparatus  where  contact  with  cyanide 
solution  was  possible. 


Experimental  Conditions 

The  source  water  for  the  Laboratory  maintains 
a  very  constant  temperature.   As  this  was  satisfactory 
for  the  purposes  of  these  experiments,  no  supplementary 
control  was  used.  In  parts  (b),  (c)  and  (d),  the 
controls  and  fish  exposed  to  the  sublethal  cyanide 
concentrations ,•  as  well  as  the  solutions  used  in  the 
various  apparatus,  were  held  at  a  temperature  of 
$.8  *   0.2°  c.  In  part  (a),  the  experiments  were  carried 
out  at  9.5  *  0.3°  C,  the  somewhat  higher  temperature 
resulting  from  the  lower  flows  arid  longer  transmission 
lines. 

All  fish  were  maintained  under  these  condi- 
tions for  a  period  of  fifteen  days  or  more  before  the 
experiments  began. 

Care  was  taken  to  ensure  that  the  dissolved 
oxygen  content  of  the  water  remained  sufficiently 
high  to  obviate  any  error  which  might  be  introduced 
from  this  source.  In  each  group  of  experiments, 
dissolved  oxygen  determinations  were  made,  either  on 
each  individual  test  or  each  group  of  tests,  and 
periodic  checks  of  the  holding  tanks  ensured  that  no 
oxygen  deficiencies  occurred  there.   At  no  time  did  the 
dissolved  oxygen  drop  below  9  ppm  (80',»  saturation),  and 
it  generally  remained  closer  to  the  saturation  level, 
i.e.  £11.5  ppm).  The  dissolved  oxygen  content  was 
maintained  by  the  inflow  of  fresh  water,  so  that  no 
supplementary  aeration  was  necessary. 

Fish  used  in  all  experiments  were  not  fed 
for  a  period  of  forty-eight  hours  before  use. 

The  Laboratory  is  supplied  with  water  from 
deep  wells  which  is  rather  hard  and  high  in  mineral 
content.  Treatment  consists  of  aeration  and  filtration 
for  iron  removal.  There  is  no  chlorination  of  the 
supply.  An  analysis  of  this  water  supplied  by  the 
Laboratory  of  the  Sanitary  Engineering  Division  of  the 
Ontario  Department  of  Health  provided  the  following 
results: 

Hardness  as  CaCO- 
Alkalinity  »  ** 
Iron  as  Fe 
Chloride  as  CI 
Nitrate 


269.0  ppm 

Nitrite 

0.0 

ppm 

216.0  " 

Ammonia 

0.0 

it 

0.02  " 

Silica 

21.0 

11 

2.7  " 

Aluminum 

0.0 

n 

0.0  " 

Copper 

0.0 

11 

pH 

8.2 

it 

Cyanide  Solutions 

Potassium  cyanide  was  used  in  all  the  experi- 
ments performed  in  this  study,  Concentrated  stock 
solutions  were  made  up  in  the  Laboratory  and  the  con- 
centrations determined  by  chemical  analysis.  The  pH  was 
adjusted  to  above  nine  to  maintain  the  strength  of 
solution,  and  no  concentrated  stock  solution  was  used  for 
more  than  two  weeks.  For  these  solutions  and  for  all 
cyanide  determinations,  the  author  is  indebted  to  staff 
members  of  the  Sanitary  Engineering  Division  of  the 
Ontario  Department  of  Health. 

As  a  check  on  the  concentrations  reached  at 
the  point  of  final  dilution,  analyses  were  performed 
(Standard  Methods  1955)  and  a  good  correlation  was  found 
between  the  estimated  and  the  analytical  concentrations. 
When  analyses  were  attempted  on  the  lower  concentrations 
used  in  the  experiments,-  considerable  difficulty  was 
found  in  obtaining  accurate  results.  No  good  analytical 
procedure  is  available  at  these  levels,  and  although  care 
was  used,  the  results  were  not  sufficiently  reproduceable 
to  be  of  use  in  estimating  the  final  concentrations.   In 
some  of  the  experiments  repeated  as  a  check,  the  fish 
apparently  gave  a  more  accurate  estimation  of  cyanide  than 
did  the  chemical  analysis.  This  problem  has  been 
encountered  by  other  investigators  working  with  cyanide. 
For  this  reason,  all  concentrations  quoted  are  those 
estimated  from  the  degree  of  dilution  of  the  stock 
solution. 

Before  and  after  each  experiment ,  flows  were 
measured.  In  the  longer  runs,  a  number  of  checks  were 
made  and  little  difficulty  was  encountered  in  maintaining 
the  required  flows. 

Herbert  and  Herkens  (1952)  performed  careful 
analyses  on  the  cyanide  content  of  the- water  in  which 
their  time -to-permanent -turnover  experiments  were 
conducted,  and  found  that  in  all  cases  some  loss  in 
cyanide  occurred.  This  was  described  as  the  "cyanide 
demand"  of  the  water.  At  the  higher  concentrations  used 
in  the  tests  to  estimate  turnover  time  and  time-to-death, 
such  a  loss  is  not  likely  to  have  had  a  significant 
effect  on  the  results.   If,  however,  a  similar  reduction 
occurred  in  the  low  levels  to  which  the  fish  were 
acclimated  for  the  measurement  of  resistance  and  activity, 
the  "cyanide  demand"  could  have  materially  lowered  the 
final  concentrations. 
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The  relationship  between  cyanide  concentration 
and  time-to-permanent-turnover  (part  a)  was  investigated 
by  maintaining  fish  in  a  continuously-flowing  cyanide 
solution  of  calculated  strength.   The  cyanide  concentrate 
was  made  up  daily  from  a  stock  solution  of  cyanide 
diluted  with  distilled  water  in  a  five-gallon  glass  carboy, 
The  pH  of  this  solution  was  adjusted  to  nine.   This  con- 
centrate was  siphoned  to  a  float  chamber  which  provided 
a  constant  head  and  thence  through  a  stopcock  adjusted  to 
a  flow  of  15  ml.  per  minute.  A  flowmeter  was  set  in  the 
system  as  a  check  on  the  rate  of  flow.   Dilution  water 
was  passed  through  an  overflow  bottle  and  run  to  a  stop- 
cock adjusted  to  a  rate  of  1.5  litres  per  minute.   The 
two  streams  were  then  combined  and  passed  through  two 
mixing  bottles  to  ensure  thorough  mixing  before  entering 
the  chamber  containing  the  fish.   A  cylindrical  jar  with 
a  volume  of  IS  litres  was  used  to  hold  the  fish  during 
the  experiments. 

The  procedure  followed  in  each  experiment  was 
to  drain  the  system  completely,  then  allow  it  to  fill 
with  solution  of  the  required  concentration.   Ten  fish 
from  the  holding  tanks  were  quickly  placed  in  the  chamber 

and  the  time  recorded. 

The  end  point  was  considered  as  the  time  when 
each  fish  turned  over  on  its  side  and  became  helpless. 
This  was  tested  by  tapping  the  fish  with  a  glass  rod 
and  if  no  response  occurred,  the  fish  was  removed  and  the 
time  noted.   Each  fish  was  measured  (fork  length)  and 
weighed  at  the  time  of  removal,  marked  by  fin  clipping, 
then  placed  in  fresh  water  to  revive.  In  most  cases, 
the  fish  would  remain  quietly  on  the  bottom  for  a  period 
of  ten  or  fifteen  minutes  before  turning  upright  and 
beginning  to  swim. 

The  experiments  were  under  constant  surveillance 
excepting  those  lasting  the  longest  times,  and  in  these 
cases,  they  were  not  left  unwatched  for  periods  longer 
than  four  hours. 

Fish  used  in  experiments  where  a  period  of 
prior  exposure  was  necessary  (parts  b,  c  and  d)  were  all 
allowed  a  period  of  acclimation  of  at  least  fifteen  days 
before  use.   Three  tanks  containing  the  trout  were 
maintained  at  cyanide  concentrations  of  0.05,  0.03  and 
0.01  ppm,  as  well  as  a  fourth  receiving  no  poison  for  the 
control  fish. 

The  cyanide  was  fed  through  a  multiple  pump 
built  for  this  purpose  which  was  capable  of  feeding  a 
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number  of  solutions  simultaneously.  Concentrations  of 
the  required  strength  were' made  up  in  carboys  using  tap 
water  and  fed  to  a  mixing  funnel  at  the  rate  of  1$  ml. 
per  minute.  This  concentrate  was  diluted  with  a  flow 
of  4  litres  per  minute  of  water  giving  the  required 
strength  of  solution. 

The  effect  of  exposure  to  sublethal  concen- 
trations of  cyanide  (part  b)  was  investigated  for  fish 
having  varying  histories  of  cyanide  exposure,  to  deter- 
mine whether  the  prior  exposure  would  alter  their  sensi- 
tivity to  cyanide.  For  this  purpose,  two  polyethylene 
wash  basins  were  used  as  test  chambers  and  a  flow  of 
1,5  litres  per  minute  of  dilution  water  was  run  to  each 
basin.   The  dilution  water  was  mixed  with  a  cyanide  solu- 
tion of  the  required  strength,  pumped  from  a  reservoir  at 
15  ml.  per  minute.   The  cyanide  solutions  were  made  up  in 
distilled  water  with  the  pH  adjusted  to  nine. 

Time-to-death  was  determined  for  fish  at  three 
lethal  levels  of  cyanide,  0.5,  0.4  and  0.3  ppm,  using 
fish  previously  exposed  to  the  cyanide  levels  of  0.05, 
0.03,  and  0.01  ppm,  as  well  as  a  control  group  (part  b). 
Each  experiment  was  run  with  a  group  of  five  fish,  and 
two  experiments  were  performed  for  each  lethal  cyanide 
level.  When  each  experiment  involving  previously -exposed 
fish  was  made,  two  control  fish  were  marked  by  removing 
the  adipose  fin,  and  these  were  placed  in  the  test 
chamber  as  a  further  control. 

For  purposes  of  these  experiments,  death  of 
fish,  as  indicated  by  lack  of  opercular  movement  for  a 
period  of  thirty  seconds,  was  used  as  an  end  point. 
Fish  were  periodically  returned  to  clean  water  and  none 
revived.  The  fish  in  these  experiments  were  continually 
watched  and  removed  for  weighing  and  measuring  as  they 
died. 

The  effect  of  exposure  to  sublethal  cyanide 
concentrations  on  the  ability  of  fish  to  perform  work 
(part  c)  was  investigated  by  requiring  fish  to  swim  in 
a  rotating  chamber  until  they  are  unable  to  maintain 
the  required  speed.   Ten  fish  from  the  control  group  and 
ten  from  each  of  the  exposure  concentrations  were  used. 
The  order  of  testing  these  forty  fish  was  determined  from 
a  table  of  random  numbers. 

The  apparatus  used  consisted  of  a  circular 
glass  chamber  12a  inches  in  diameter,  with  a  second 
smaller  cylinder  6  inches  in  diameter  forming  an  inner 
core  (Fry  194#).  The  circumference  of  a  point  midway 
in  the  swimming  chamber  was  2.5  feet,  and  this  was 
considered  as  the  distance  a  fish  swam  in  one  revolution. 
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The  chamber  was  turned  by  an  electric  motor  connected  to 
a  variable  speed  gear  which  adjusted  the  rate  of 
revolution, 

The  procedure  used  in  evaluating  the  ability 
of  the  fish  to  perform  work  was  determined  in  the 
following  manner.  The  chamber  was  filled  with  six  litres 
of  water  or  cyanide  solution  from  the  influent  mix  to 
the  tank  in  which  the  fish  had  been  held.  One  fish  was 
quickly  transferred  from  the  appropriate  tank  and  placed 
in  the  chamber  where  a  short  interval  was  allowed  for  the 
fish  to  become  accustomed  to  the  new  surroundings.   The 
chamber  was  then  set  in  motion  and  the  fish  was  required 
to  swim  steadily  for  consecutive  four-minute  intervals 
at  speeds  of  20,  28  and  36  rpm.  The  speed  was  then 
increased  to  45  rpm  and  kept  there  for  as  long  as  the 
fish  was  able  to  maintain  its  position.  If  the  fish 
dropped  back,  it  was  tapped  on  the  tail  with  a  stirring 
rod  to  keep  it  from  moving  around  with  the  chamber.  In 
this  way  it  was  encouraged  to  swim  until  unable  to 
maintain  its  position  and  consistently  dropped  back  (four 
revolutions)  despite  the  stimulus  of  the  stirring  rod. 

For  the  purposes  of  this  experiment,  the 
ability  of  the  fish  to  do  work  was  considered  to  be  the 
length  of  time  it  swam  at  45  rpm.  For  those  unable  to 
attain  the  speed  of  45  rpm,  a  minus  quantity  was  assigned, 
depending  on  the  time  the  fish  swam  at  36  rpm.  Thus,  if 
a  fish  swam  only  three  and  one-half  minutes  at  j>6  rpm,  a 
value  of  -0.5  minutes  was  recorded,  while  2.5  minutes  was 
recorded  for  a  fish  swimming  two  and  one-half  minutes  at 
45  rpm. 

No  supplementary  aeration  of  the  water  was  used 
as  the  oxygen  level  did  not  enter  the  range  where  the 
ability  to  swim  would  be  affected  (Graham  1949).  a 
maximum  drop  of  1.2  ppm  from  near  saturation  was  noted 
in  the  chamber  for  the  fish  swimming  the  longest  time. 
A  stream  of  refrigerated  water  was  passed  over  the  outside 
of  the  glass  to  maintain  a  temperature  of  8.8  *  .2°  c.  in 
the  chamber  during  the  period  of  the  experiment.   Fish 
used  in  these  experiments  had  a  mean  length  of  12.0  cm. 
and  a  mean  weight  of  17.9  gm. 

The  rate  of  effect  on  activity  from  exposure 
to  sublethal  cyanide  concentrations  (part  d)  was  investi- 
gated by  placing  five  fish  that  had  had  no  previous 
contact  with  cyanide  in  concentrations  of  0.05  ppm  and 
determining  the  effect  on  immediate  contact  and  after 
exposure  for  one  day,  four  days  and  twenty-nine  days.   In 
a  similar  fashion,  the  activity  of  fish  that  had  been 
exposed  to  0.05  ppm  cyanide  for  forty  days  was  measured 
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upon  immediate  return  to  fresh  water  and  after  one  day, 
four  days  and  twenty-four  days.   Fish  used  in  these 
experiments  had  a  mean  length  of  12.5  cm.  and  a  mean 
weight  of  19.9  gra. 


OBSERVATIONS 

Survival  Experiments 

Figure  I  is  a  plot  on  a  logarithmic  scale  of 
the  relationship  found  between  cyanide  concentration  and 
time-to-permanent-turnover  for  fish  unaccliruated  to 
cyanide.   Each  point  represents  the  arithmetic  mean  of 
observations  on  ten  fish. 

The  line  expressing  the  relationship  between 
time  and  concentration  appears  to  have  two  slopes.  Between 
0.40  ppm  and  0.10  ppm,  the  log  time  and  log  concentration 
are  linearly  related.   At  concentrations  of  more  than  0,40 
ppm,  the  fish  lived  a  longer  time  than  would  be  expected 
from  examination  of  the  line  for  lesser  concentrations. 
This  curve  shown  at  the  higher  levels  of  cyanide  appeared 
to  become  asymptotic  and  represents  some  minimum  time 
required  for  a  fish  to  die  that  becomes  independent  of  the 
cyanide  concentration. 

The  dependent  phase  of  the  curve  (0.10  to  0.40 
ppm)  may  be  described  by  the  equation  used  by  Herbert  and 
toerkens  (1952): 

n  log  C  +  log  T  -  log  k, 

where  C  is  concentration  in  parts  per  million,  T  is 
survival  time  in  minutes  and  n  and  k  are  constants.  The 
constants  of  the  best  fitting  straight  line  are  n  -  3.4S 
and  log  k  -  -0.26. 

For  purposes  of  calculation,  the  experiment  at 
0.08  ppm  cyanide  was  not  included  as  the  point  at  5220 
minutes  is  the  time  of  permanent  turnover  of  the  fifth 
fish  and  not  the  mean,  because  mechanical  failure 
terminated  the  experiment  before  complete  mortality 
occurred. 

The  minimum  lethal  concentration  of  cyanide 
occurs  between  O.OB  ppm  and  0.05  PP"i,  the  former  being 
demonstrated  as  lethal  and  the  latter  as  not  lethal  in  at 
least  forty  days.   As  the  expected  turnover  time  from 
the  equation  described  for  fish  in  0.05  ppm  cyanide  is 
approximately  thirteen  days,  the  linear  relationship 
cannot  reach  this  concentration  under  the  experimental 
conditions  of  this  study.   It  is  apparent  that  the 
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straight-line  relationship  continues  only  to  some  point 
between  these  two  values  where  a  break  occurs  and  the 
fish  are  no  longer  completely  incapacitated  by  the 
cyani  de . 

Fish  subjected  to  the  various  cyanide  concent- 
rations used  in  these  experiments  showed  typical  reactions 
within  various  ranges  of  cyanide  levels.  At  concentra- 
tions of  0.50  ppm  or  more,  the  fish  turned  on  their  sides 
in  a  few  minutes  and  remained  on  the  bottom  of  the 
chamber.  When  stimulus  was  applied,  erratic  swimming 
would  occur,  but  they  would  shortly  settle  to  the  bottom. 
At  the  times  indicated  in  Figure  I  a  stimulus  would  fail 
to  excite  the  fish  and  the  end  point  of  the  experiment 
was  reached.  At  concentrations  between  0.50  and  0.25 
ppm,  the  fish  dropped  to  the  bottom  on  their  sides  within 
a  few  minutes,  but  after  a  period  of  repose,  all  the 
fish  would  regain  their  equilibrium  and  remain  in  an 
upright  position  until  they  turned  over  for  a  second  time. 
When  this  occurred,  the  fish  soon  lost  their  response  to 
stimulus  and  were  removed  from  the  chamber.  In  those 
experiments  conducted  at  concentrations  below  0.25  ppro> 
there  was  no  loss-  of  equilibrium  for  a  protracted  period 
of  time.  When  it  did  occur,  any  recovery  was  of  short 
duration  and  was  soon  followed  by  permanent  turnover. 

At  concentrations  of  0,50  ppm  and  greater,  the 
time -to -permanent  turnover  has  been  described  as  approa- 
ching a  constant  which  is  presumably  the  minimum  time 
that  is  necessary  for  fish  to  reach  the  end  point  regard- 
less of  further  increases  in  the  cyanide  concentration. 
This  minimum  time  is  approximately  five  minutes.  A 
similar  observation  was  made  by  Shepard  (1955)  for  trout 
exposed  to  lethal  concentrations  of  oxygen  where  a 
minimum  time-to-death  was  observed  to  be  fifteen  minutes. 
In  describing  his  data,  a  linear  relationship  was  shown 
at  all  concentrations  when  the  minimum  time-to-death  was 
subtracted  from  the  total  time  observed.  When  the  same 
procedure  is  followed  for  the  cyanide  data  (Figure  II) 
using  five  minutes  as  the  minimum  time -to -permanent  -turn- 
over, the  relationship  approaches  linearity  for  all  con- 
centrations. The  points  for  the  highest  concentration  ere 
still  somewhat  off  the  line,  but  these  observations  may  be 
slightly  in  error  because  of  difficulties  in  interpreting 
the  end  point  where  turnover  occurs  so  rapidly. 

Subsequent  to  the  investigation  of  the  relation- 
ship of  reaction  time  to  cyanide  concentration  for  fish 
unacclimated  to  cyanide,  a  study  of  the  effect  of  prior 
exposure  to  sublethal  cyanide  concentrations  on  survival 
was  undertaken. 
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From  the  results  illustrated  in  Figure  III  and 
IV,  it  was  noted  that  a  change  in  resistance  was  deve- 
loped by  fish  exposed  to  the  three  cyanide  levels  to 
which  they  were  acclimated.   When  the  four  groups  were 
subjected  to  0.50  ppm,  the  controls  lived  the  shortest 
time,  while  the  time-to-death  of  the  groups  previously 
exposed  to  cyanide  varied  inversely  with  the  concentra- 
tion of  their  acclimation. 

The  same  order  was  observed  for  the  fish 
killed  at  0*40  ppm.   The  order  changed,  however,  when  the 
fish  were  killed  at  0.30  ppm,  as  those  having  an  accli- 
mation history  of  0,05  and.  0.03  ppm  became  less  resistant 
than  the  controls  while  the  0.01  acclimated  fish  remained 
more  resistant.   Thus,  while  fish  show  a  resistance  to 
cyanide,  at  higher  concentrations  this  advantage  is  lost 
at  the  lesser  concentrations  where  the  time-to-death  is 
longer. 

Activity  Experiments 

The  ability  to  do  work  of  fish  acclimated  to 
small  amounts  of  cyanide  was  observed  to  be  notably 
reduced  (Figure  V).   The  mean  swimming  time  for  control 
fish  was  25.5  minutes  at  45  rpm,  while  fish  subjected  to 
0.05,  0.03  nnd  0.01  ppm  swam  only  0.4,  2.5  and  o.l 
minutes,  respectively.   Thus,  if  the  swimming  time  at 
45  rpm  (ll2  fpm)  is  used  as  a  basis  of  comparison  of 
ability  to  perform  sustained  labour,  a  reduction  is 
noted  of  approximately  9#$,  90/a  and  75/<>,  respectively, 
of  that  of  the  controls. 

When  fish  that  had  had  no  contact  with  cyanide 
(controls)  were  placed  in  the  activity  apparatus  and 
required  to  perform  work  under  the  standard  conditions 
previously  outlined,  little  or  no  hesitation  was  shown 
or  accessory  stimulation  required  at  any  of  the  swimming 
rates.   They  took  up  a  position  in  the  chamber  and  swam 
steadily  until  the  point  of  exhaustion  was  reached. 
Fish  which  had  been  exposed  to  the  highest  (0.05  ppm) 
cyanide  concentration  differed  markedly  in  their  behavior 
in  the  activity  apparatus.   Host  of  the  fish  appeared 
reluctant  to  swim,  and  even  at  the  slower  speeds  stimu- 
lation was  required  to  prevent  them  from  rotating  with 
the  chamber.   Of  the  ten  fish  tested,  five  were  unable  to 
complete  the  time  required  at  the  third  speed.   Fish  at 
intermediate  concentrations  (0.03  and  0.01  ppm)  were 
physically  somewhat  better  able  to  perform  work,  although 
the  same  recalcitrance  in  putting  forth  the  required  effort 
was  evident. 

Because  of  the  serious  effect  noted  on  the 
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ability  to  work  of  fish  that  had  boon  exposed  to  the  sub- 
lethal cyanide  concentrations  for  a  relatively  long  time 
(twenty-nine  days  or  more),  information  on  the  rate  at 
which  fish  were  affected  and  the  rate  at  which  they 
returned  to  normal  was  desirable.  Figure  VI  illustrates 
the  findings  of  experiments  used  to  derive  this  informa- 
tion. It  was  found  that  the  fish  from  clean  water  were 
rapidly  affected  by  exposure  to  0.05  Ppro  cyanide,  for  after 
only  twenty-one  minutes  contact  (i.e.  twelve  minutes  pre- 
liminary swimming  plus  nine  minutes  at  45  rpm) ,  they  were 
only  able  to  perform  about  one-third  of  the  work  of  the 
controls.   After  one  day  in  the  exposure  tank,  the  ability 
to  work  had  been  reduced  by  95£>.  Only  a  slight  further 
reduction  was  noted  for  fish  that  had  been  exposed  for 
twenty-nine  days. 

The  rate  of  recovery  for  fish  placed  in  clean 
water  after  a  prolonged  exposure  to  0.05  ppm  cyanide  was 
slow.  Some  immediate  improvement  was  noted  (from  0.3  to 

3.3  minutes)  when  the  fish  swam  in  clean  water,  but  no 
further  recovery  occurred  after  one  day.  After  four  days, 
the  fish  wore  able  to  swim  7.7  minutes  (30$  of  the  controls), 
and  after  twenty-four  days,  20.0  minutes  {&Q%   of  controls). 

It  was  of  interest  to  note  that  two  of  the  five 
fish  that  had  been  in  the  clean  water  for  twenty -four  days 
still  swam  only  a  relatively  short  period  of  time,  i.e. 

6.4  and  9.2  minutes.   These  fish  had  retained  the  dark 
colour  typical  of  fish  exposed  to  cyanides  over  a  period 
of  time,  while  the  remaining  three  had  returned  to  their 
natural  colour  and  swam  twenty -two  or  more  minutes, 

DISCUSSION 

Cyanide  enters  the  blood  stream  of  fish  through 
the  gill.  Respiration  in  the  cell  is  inhibited  by  the 
cyanide  and  death  occurs  when  the  first  essential  function 
breaks  down.  This  is  generally  considered  to  take  place 
in  the  nervous  system. 

The  effect  of  cyanide  in  inhibiting  respiration 
within  the  cell  would  suggest  that  the  behaviour  of  fish 
dying  from  the  effects  of  cyanide  would  be  similar  to 
fish  suffering  from  hypoxia.   The  behaviour  of  speckled 
trout  subjected  to  various  lethal  oxygen  concentrations 
(Shepard  1955)  is  almost  identical  to  the  behaviour  of 
trout  dying  from  lethal  amounts  of  cyanide.  In  both  cases 
where  the  most  unfavourable  conditions  are  encountered, 
the  fish  react  by  violent  activity  before  dropping  to  the 
bottom  where  death  shortly  ensues.  In  a  middle  range  of 
lethal  concentrations  (i.e.  for  cyanide  0.40  to  0.25  ppm) , 
in  both  cases  the  fish  also  drop  to  the  bottom  and  lose 
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their  equilibrium,  but  recover.  Later  there  is  a 
second  loss  of  equilibrium  and  death  occurs.  Where 
death  does  not  take  place  for  a  protracted  period  of 
time,  this  first  loss  of  equilibrium  does  not  occur  and 
when  the  fish  finally  overturn,  death  follows  soon  after. 
These  observations  suggest  that  cyanide  and  oxygen 
deficiency  cause  death  by  inhibition  of  the  same  body 
function. 

A  number  of  references  are  available  in  the 
literature  on  the  toxicity  of  cyanides  where  experi- 
ments were  carried  out  in  standing  water  under  a  variety 
of  environmental  conditions  using  various  species  of 
fish.  Because  of  a  loss  of  cyanide  from  the  standing 
water  and  absorption  by  the  fish,  the  results  of  these 
experiments  are  not  comparable  to  those  carried  out 
under  constant  flow  conditions. 

There  are,  however,  two  published  papers  by 
different  authors  that  somewhat  parallel  the  information 
presented  on  the  relationship  between  time  and  concentra- 
tion. Karsten  (1934)  used  a  continuous  flow  apparatus 
to  determine  the  time-to-death  of  speckled  trout  at 
various  cyanide  concentrations.  A  lower  lethal  limit  of 
0.05  ppm  was  found  where  all  of  the  eight,  6-inch  speckled 
trout  died  after  an  exposure  of  3000  minutes.  Unfor- 
tunately, no  information  on  the  temperature  or  chemical 
conpo3itionof  the  water  was  published.  While  this  lower 
lethal  limit  is  somewhat  below  that  found  by  Herbert  and 
Merkens  or  by  the  author,  the  use  of  larger  fish  under 
less  favourable  environmental  conditions  might  well 
reduce  the  lethal  limit  to  concentrations  of  this  order. 

Herbert  and  Merkens  (1952)  describe  the 
results  of  a  series  of  experiments  using  the  rainbow 
trout  (Salmo  gairdnerii)  in  a  continuous  flow  system  where 
the  time-to-permanent -turnover  was  determined  in  various 
concentrations  of  potassium  cyanide.  Between  the  concent- 
rations of  0,25  ppm  and  0.07  ppm,  a  linear  relationship 
between  log  time  and  log  concentration  was  found.  At 
concentrations  of  more  than  0.30  ppm,  the  time-to-per- 
manent -turnover  did  not  conform  to  their  equation,  and 
became  independent  of  the  concentration.   While  the 
species  and  size  of  fish  and  the  temperature  differed 
from  the  experiment  herein  described,  the  nature  of  the 
curve  is  much  the  same.   The  somewhat  different  slope 
found  by  these  authors  is  probably  a  reflection  of  the 
higher  water  temperature  (Wuhrmann  1953)  maintained  in 
their  experiments  (17.5  1  0.5°  C. ) .  A  lower  lethal  limit 
of  0.07  ppm  cyanide  was  found  to  occur  at  approximately 
4500  minutes.  A  further  study  of  the  independent  phase 
of  the  curve  by  Herbert  and  Downing  (1955)  suggests  that; 
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"a  biological    difference  exists  between  the    two   regions 
into  which  we   have   divided  the   oonceutration-survi val- 
time  relation".     Their  data  demonstrate  that  a  correlation 
exists  between  factors  causing  turnover  at   the    lesser 
concentrations   (dependent  phase),   but  that  there  is  no 
correlation  between  factors  causing  turnover   in  the   two 
sections  of  the   curve, 

Uhile   no  specific  investigation  was  made   into 
the  relationship  between  time-to-death   and  time-to- 
permanent-turnovor,    three  points  were  determined  for 
time-to-death   from  experiments  performed  in  estimating 
the  effect  of  prior  exposure  on  survival.     As  would  be 
expected,    a   considerable  time   difference  was  noted   between 
these  two   criteria  for  the   highest   concentrations   and  pro- 
portionally smaller  differences  were  noted  at   lesser  con- 
centrations  (Figure  I).      The   time-to-death  points  appear 
to   have  fallen   in  the   curvilinear  range  of   cyanide   con- 
centrations.     These  may  be   straightened  by   following 
Shepard's   (1955)    procedure,   where  the   information  is 
plotted  as  time-to-death   less   fifteen  minutes   (Figure  II), 
the   fifteen  minutes  being  the   minimum  in  which   speckled 
trout  will  die  at  lethal   oxygen   concentrations.     If  these 
curves  for  time-to-death   and  time-to-permanent-turnover 
are  extrapolated,    the   slopes   should  be  such  that  they 
would   intersect   at   a  point   representing  the    minimum  lethal 
concentration.      The   slope    of  the  line  found   experimentally 
on  the   basis   of  three  points   is   somewhat  in  error,    although 
the   expected  result   is   indicated. 

The    time-to-death   relationships  between  the   fish 
acclimated  to   the   various   concentrations  of   cyanide  and 
their  controls  all  appear  to   be  curvilinear  in  nature 
(Figure  III).      For  this   reason,   the  results  are  plotted  as 
T   -15   to   straighten   the    curves  and  render  the   interpre- 
tation of  the   data  less  difficult,      with  allowances  made 
for    some   apparent   experimental   errors,    straight    lines  of 
varying  slopes  appear  to  be   developed.     It   is  evident  that 
some   resistance  in  accordance  with  the    level   of  acclimation 
is   developed  where  the   time-to-death   is  short.      As  time 
increases,   however,    it  appears  that  the   advantage  of 
developed  resistance  is  either   lost  or   reduced,      l/here   fish 
were  killed  at  0.3   ppm,    those  acclimated  to  the   two   higher 
concentrations  were  already  more   susceptible   than   the 
controls.      The    slope   of  the   line   for   fish   that   had  been 
exposed  to  0.01   ppm  would   indicate  that   they    too  would 
have  become   less  resistant  than  the   controls   had  the  time- 
to-death   been  extended. 

The   discussion  thus   far  has   concerned  the    lethal 
effects  of  cyanide  by  direct  toxic   action.      If,    however, 
fish  die  not   by  a  direct  toxicity   but    as  a  result    of 
starvation,    predation  or   other  environmental    factors 
because  sublethal    concentrations  reduced  the  ability   to 
perform  necessary   work,    then  this  becomes  the   limiting 
factor   in  the    success   of  a  fish   population.      Such   a 
condition  may  occur   far  below  any   demonstrable    lethal 
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effect  and  will  probably  worsen  with  factors  that  increase 
toxicity, 

In  thin  paper,  the  adverse  effects  of  very  small 
quantities  of  cyanide  have  been  demonstrated  on  the  ability 
of  speckled  trout  to  perform  sustained  labour.  The  res- 
trictions are  imposed  almost  immediately  and  rapidly  become 
worse,  while  fish  that  have  been  exposed  for  a  period  of 
time  recover  only  slowly  over  a  number  of  days.   The 
criteria  used  to  evaluate  the  effect  on  ability  toperform 
sustained  labour  (swimming  time  at  45  rpm)  was  not  a 
maximum  speed  which  the  fish  could  attain,  but  corresponded 
to  thn  cruising  speed  established  by  McCauley  (ms.  19>o). 
v'hile  the  percentage  loss  in  ability  might  not  have  been 
marked  if  a  less  demanding  criteria  had  been  used,  it  does 
indicate  that  where  a  considerable  output  of  energy  is 
required,  fish  which  have  been  in  contact  with  us  little 
as  ten  parts  per  billion  cyanide  are  seriously  affected. 

While  proof  has  not  been  provided  that  such 
reductions  in  ability  will  necessarily  eliminate  a  fish 
population,  it  may  be  assumed  that  any  interference  with 
activity  will  be  deleterious. 

In  addition  to  the  demonstrated  lack  of  ability, 
all  the  fish  that  had  been  acclimated  to  cyanide  did  not 
respond  well  to  the  stimulus  of  the  turning  chamber  and 
failed  to  settle  down  to  swim  effectively  as  did  the 
controls.   This  was  observed  to  occur  before  the  fish  were 
physically  incapable  of  performing  the  task.  The  failure 
to  swim  undi.r  the  strong  stimulus  that  was  provided  might 
well  indicate  an  effect  which  under  natural  conditions 
would  be  more  serious  than  physical  inability. 

A  relationship  appears  to  occur  between  the 
effects  of  acclimation  on  survival  and  the  effects  of 
acclimation  on  the  ability  to  perform  work.  An  apparent 
loss  of  a  portion  of  the  oxidative  processes  makes  the 
animal  less  resistant  to  lethal  cyanide  concentrations 
and  incapable  of  performing  sustained  labour.   The  deficit 
incurred  is  proportional  to  the  concentration  of  accli- 
mation. 

The  bio-assay  technique  for  determining  safe 
levels  of  discharge  of  toxic  industrial  effluents  has 
recently  come  into  gem.ral  use.   (Hart  et  al  1945), 
(Doudoroff  et  al  1951),  (Henderson  and  Tarzwell  1957) 
established  a  standard  procedure  which  suggests  one-tenth 
of  th  2  forty -oil s*ht  -hour  median  tolerance  limit  as  a  con- 
centration safe  for  discharge.  This  figure  was  suggested 
with  the  assumption  that  a  margin  of  safety  would  be 
provided,  although  little  information  was  available  on  the 
effects  of  toxic  substances  below  the  levels  known  to  kill 
fish. 
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From  the  data  presented  on  time -to-permanent - 
turnover  and  cyanide  concentration,  the  forty -eight -hour 
median  tolerance  limit  would  be  appro xi mat el y  0.09  ppm. 
If  one-tenth  of  this  concentration  is  applied  to  Figure  III 
illustrating  the  effect  of  cyanides  on  activity,  it  will 
be  noted  that  this  amount  of  cyanide  will  reduce  the 
ability  of  trout  to  swim  by  about  fifty  percent.  It  is, 
therefore,  apparent  that  the  suggested  safe  level  of 
discharge  of  toxic  substances  nay  not  be  sufficiently  low 
for  cyanides. 

These  experiments  have  included  information  for 
only  one  toxic  substance  and  for  one  species  of  fish  at 
one  temperature.   The  environmental  conditions  under  which 
the  work  was  done  were  purposely  made  as  favourable  as 
possible,  so  that  other  adverse  conditions  would  not 
interfere  with  the  information  ohtained.   Under  natural 
conditions,  such  a  favourable  environment  may  not  occur. 
For  this  reason,  estimations  of  safe  concentrations  of 
toxic  substances  must  be  made  on  the  basis  of  the  most 
unfavourable  conditions  likely  to  occur. 

Other  fish  and  other  toxic  substances  may  or  may 
not  indicate  similar  effects,  but  their  investigation  by 
methods  outlined  in  this  paper  seems  necessary  to  determine 
whether  the  observations  made  in  these  experiments  are 
valid  for  other  toxic  substances.   If  they  are,  and  the 
restrictions  on  activity  rioted  in  these  studies  may  be 
considered  sufficiently  deleterious  to  a  fish  population 
to  warrant  tho  establishment  of  minimum  concentrations  on 
this  basis,  then  a  convenient  method  of  determining  this 
information  has  been  established. 
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SUMMARY 

1.  Experiments  were  performed  to  investigate  the  effects 
of  potassium  cyanide  on  speckled  trout  Salvelinus 
fontinalia  at  both  lethal  and  non-lethal  concentrations, 
using  fish  9.5  to  13.0  cm.  in  length,  temperatures  of  & 
to  10°  C.  and  oxygon  concentrations  of  greater  than  &Q% 
saturation. 

2.  A  linear  relationship  was  found  between  log  of  time-to- 
permanent-turnovor  and  log  of  cyanide  concentration 
between  0.10  and  0.40  ppm.  This  relationship  may  bo 
expressed  by  the  equation: 

n  log  C  +  log  T  -  log  k, 
where  C  and  T  are  concentration  and  time  and  the 
constants  n  -  3.48  and  k  -  -0«26.  At  concentrations 
greater  than  0.40,  the  time-to-turnover  is  independent 
of  the  cyanide  concentration.  The  minimum  time  in  which 
permanent  turnover  occurred  was  found  to  be  approxi- 
mately five  minutes  regardless  of  the  cyanide  concen- 
tration. 

3.  Speckled  trout  acclimated  to  sublethal  cyanide  concen- 
trations and  killed  at  lethal  concentrations  were  found 
to  be  more  resistant  than  the  controls  when  the  time-to- 
death  was  short.  When  death  did  not  occur  as  rapidly, 
the  fish  became  more  sensitive  than  the  controls,  the 
extent  of  sensitivity  depending  on  the  acclimation  level, 

4.  Fish  acclimated  to  sublethal  cyanide  concentrations 
were  tested  for  their  ability  to  perform  the  labour  of 
sustained  swimming.  At  all  concentrations  tested,  a 
reduction  in  ability  and  efficiency  was  noted. 

5.  The  rate  of  effect  on  ability  to  swim  was  determined 
by  requiring  fish  that  had  not  previously  contacted 
cyanide  to  swim  in  0.05  ppm.   A  notable  immediate  reduc- 
tion in  ability  was  observed  and  further  reductions  were 
found  upon  testing  on  subsequent  days.   Fish  acclimated 
to  this  concentration  were  found  to  recover  gradually 
within  a  period  of  twenty  days. 

6.  Increased  sensitivity  and  reduced  ability  to  perform 
work  both  suggest  a  reduction  in  the  capacity  of  the 
oxidative  processes  which  is  proportional  to  the  concen- 
tration of  acclimation. 

7.  From  the  results  of  the  activity  experiments,  it  appears 
that  the  proposed  safe  concentrations  of  toxic  sub- 
stances as  determined  by  standard  bio-assay  procedure 
may  still  exert  a  deleterious  effect  on  fish  populat- 
ions and  should  be  revised  for  cyanide.   Further  study 
is  necessary  to  determine  whether  these  observations 
arc  also  valid  for  other  toxic  substances. 
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BIOLOGICAL  SURVEYS  AS  A  TOOL  IN  INDUSTRIAL  NASTK  DISPOSAL  STUDIES 


-  By  - 

T.W.  Boak 
Consulting  Biologist  -  Ottawa.  Ontario , 


Industrial  wastes  are  very  varied  in  their  composition, 
their  origin  and  tho  types  and  magnitude  of  the  problems  they  pose,  but 
they  have  one  common  factor  in  that  they  nearly  always  find  their  way 
eventually  to  some  body  of  natural  wutor.  It  is  usually  at  this  stage 
that  they  make  themselves  felt  as  a  problem  and  it  i3  very  often  because 
in  some  way  or  another  they  are  affecting  tho  plants  or'  animals  that 
normally  live  in  that  body  of  water.  This  i3  the  reason  why  biological 
survay3  are  a  valuable  tool  in  tho  study  of  Industrial  Waste  Disposal 
problems. 

I  intend  to  illustrate  tho  use  of  Biological  Surveys  in 
Waste  Disposal  Studies  by  reference  to  three  different  types  of  surveys 
I  have  carried  out  in  the  past  eighteen  months  for  Canadian  Industrial 
Organizations.  I  am  indobtod  to  those  organizations  for  permission  to 
make  use  of  tho  material  collocted  in  these  surveys  in  the  preparation 
of  this  paper  and  I  shall  acknowledge  oach  individually  in  its 
appropriate  place..  Before  I  start  on  this,  however,  I  want  to  refer 
very  briefly  to  one  or  two  basic  biological  principles  w^iich  will  be 
helpful  in  understanding  the  theoretical  background  to  this  work. 

Figure  1  illustrates  a  very  basic  biological 
principle  which  applies  widely  in  natural  co:nmunitie3  of  animals  and 
plants  whether  they  be  on  land  or  in  water.  In  this  proscnt  case  we  are 
conccrnod  only  with  tho  communities  in  fresh  water. 

The  modium  in  which  the  plants  and  animals  are  living 
in  this  case  is  the  water  together  with  the  chomical  substances  dissolvod 
and  suspended  in  it  and  tho  substratum,  which  nay  be  rock,  stones,  silt, 
mud  or  perhaps  3omo  other  material,  Tho  basic  component  in  tho  biological 
cyclo  is  always  the  plant  forms,  for  these  contain  cliloropliyll  which 
alone  has  the  property  of  bringing  about  tho  synthesis  of  carbohydrates 
from  carbon  dioxide  and  water  in  the  presenco  of  light.  On  this 
synthesis  tho  whole  of  tho  food  supply  of  both  tho  animal  and  plant 
kingdom  is  basod.  Tho  plants  may  uary  from  minute  unicellular  plants 
so  snail  that  tho  highest  power  of  tho  microscope  is  required  to  soo 
them,  to  very  large  plants,  but  they  all  have  this  ability  to  synthosise 
carbohydrates . 
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The  ne:±  component  is  tho  animal  con..unity,  in 
which  again  the  individuals  may  vary  in  form  and  size  ovor  an 
onormouo  rango,  but  all  depond  ultimately  on  the  food  synthesized 
by  plants  for  their  sustonanco.  In  some  easos  tho  dependence  ia 
direct,  as  in  the  horbivorou3  animals,  or  secondary  or  tertiary 
as  iu  the  animals  that  eat  other  animal3  which  in  turn  eat  plants. 
In  the  case  of  others,  such  as  tho  scavengers,  It  is  evon  more 
indirect,  but  the  connection  back  to  plants  can  always  be  worked 
out.  Within  the  animal  community  many  complicated  dependencies 
exist  in  the  form  of  food  chains,  but  wo  need  not  bother  ourselves 
with  these  at  present. 

So  far  we  have  been  considering  only  the  synthesis 
side  of  the  biological  cycle,  but  if  this  were  all  there  was  to  it, 
long  before  now  all  tho  available  non-living  material  in  the  world 
would  have  been  locked  up  in  non-available  living  material.  Another 
group,  consisting  principally  of  the  bacteria  and  fungi  complete  the 
cycle,  for  those  forms  are  concorncd  chiefly  with  the  break  down 
of  complex  chemical  substances  of  organic  origin  to  simpler, 
inorganic  forms,  In  this  way  the  materials  obsorbod  through  the 
plants  and  animals  into  living  tissue  are  returned  to  tho  medium 
as  chemicals  available  for  re-use. 

Undor  natural  conditions  thi3  cycle  of  activities 
is  always  striving  towards  a  state  of  mobile  equilibrium  in  which 
material  is  being  used  and  returned  to  tho  modium  so  as  to  maintain 
a  rough  state  of  balance.  If  however,  something  should  occur  outside 
tho  cycle  to  alter  the  balance,  it  is  a  fundamental  natural  law 
that  the  cycle  of  actions  will  change  in  such  a  way  a3  to  try  to 
restore  the  state  of  equilibrium.  If,  to  take  a  concrete  example, 
somo  pollutive  substance  enters  a  natural  water,  it  Liny  adversely 
affect  some  of  the  plants  and  animals  In  the  community  and  the 
immediate  effect  will  be  to  throw  the  biological  cycle  out  of 
balance.  However,  another  set  of  changes  will  take  place,  for  example, 
an  incrense  of  numbers  of  more  tolerant  species,  to  compensate  for 
this  and  restore  a  balance.  It  is  bocause  biological  communities 
behave  in  this  orderly,  although  often  complicated  manner,  that 
biological  surveys  can  bo  a  useful  tjol  in  studying  the  effects  of 
industrial  and  other  wastes. 

In  making  U30  of  Biological  Surveys  In  waste 
disposal  studios  wo  depend  on  the  fact  that  in  any  body  of  natural 
water  that  is  not  polluted,  u  cortaln  type  of  animal  nnd  plant 
community  will  develop,  the  qualitative  and  quantitative  composition 
of  uhich  will  depend  on  many  factors  including  the  type  of  bottom, 
the  chemical  and  physical  proportios  of  the  water,  the  altitude  and 
general  geographical  location  and  many  others.  Unfortunately  our 
knowledge  of  those  communities  io  not  so  detailod  that  wo  con 
foretell  tho  details  of  tho  communities  even  if  we  loiow  all  about 
the  environment.  Fortunately  it  is  not  necessary  to  laiow  the 
details  of  tho  composition  of  communities  for  every  type  of 
environment  before  practical  uso  can  bo  made  f  the  surveys, 
because  in  most  cases  we  are  dealing  with  comparisons  of  samples 
taken  above  and  jelow  a  sourco  of  contamination*  It  io  necessary  to 
know, however,  if  any  changes  wo  observe  aro  likoly  to  bo  due  to 
tho  contamination,  or  to  some  quite  unconnected  circumstance 
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V/e  also  make  use  of  the  knowledge  that  when  a  polluting 
material  is  added  to  a  natural  water,  it  will  not  usually,  unless 
it  is  vory  severe,  extinguish  the  entire  animal  and  plant  community 
but  will  change  it  either  slightly  or  grossly  according  to  the 
nature  and  decree  of  pollution.  Again,  we  do  not  know  enough  in 
most  cases  to  be  able  to  take  one  sot  of  samples  and  from  it  deduce 
the  exact  nature  and  extent  of  a  pollution,  but  usually  by  methods 
of  comparison,  we  can  obtain  a  grent  deal  of  valuable  information 
about  it. 

Before  I  go  on  to  describe  individual  types  of  surveys 
I  want  to  refer  briefly  to  one  more  phenomenon,  namely  the  property 
of  natural  3elf  purification  that  all  natural  waters  possess. 

This  property  of  self. -purification  is  connected  with  the 
biological  cycle  I  have  referred  to  already.  When  a  polluting  mat- 
erial enters  a  natural  water,  the  biological  cycle  changes  in  such 
a  way  that  there  is  an  increase  in  the  type  of  organism  which  is 
capablo  of  removing  the  polluting  material  from  the  environment  by 
utilising  it  as  a  food  supply.  In  this  connection,  living  organisms 
have  a  quite  amazing  capacity  for  utilising  unlikely  materials  as 
a  food  source  and  thus  removing  them  from  a  natural  environment,  one 
example  of  which  is  the  property  of  certain  organisms  that  will  dev- 
elop on  biological  filters  to  utilise  cyanide  and  phenols.  In  the 
course  of  this  3elf-purification  the  water  may  become  grossly  poll- 
uted, and  I  am  not  advocating  that  this  extreme  extent  of  the  property 
of  self-purification  should  be  utilised,  but  I  am  merely  referring  to 
its  existance.  The  property  of  self -purification  can  be  looked  upon 
as  a  valuable  natural  resource,  but  like  all  natural  resources  it  will 
retain  its  value  only  so  long  as  it  is  not  misused.  Properly  used  it 
can  be  a  great  benefit  to  industries  with  waste  disposal  problems  and 
therefore  to  the  communities  of  which  they  are  part.  One  of  the 
values  of  biological  surveys  is  to  measure  this  resource  and  enable  it 
to  be  used  to  good  effect  and  to  avoid  its  misuse. 

The  first  Biological  Survey  to  which  I  shall  refer  illus- 
trates a  situation  where  there  is  a  long  and  complicated  waste  disposal 
history  and  the  survey  was  carried  out  to  help  in  assessing  the  extent 
to  which  a  particular  plant  was  contributing  to  the  general  load  on  a 
river  known  to  have  many  sources  of  pollution. 

This  survey  was  carried  out  on  the  Ottawa  river  in  the  vic- 
inity of  Hawkesbury  at  the  request  of  the  Canadian  International  Paper 
Company,  to  whom  I  am  indebted  for  permission  to  describe  the  results 
obtained.  The  survey  wa.*  part  of  a  comprehensive  investigation  which 
included  also  the  testing  in  the  laboratory  of  the  effects  of  the 
effluent  from  this  Company's  Hawkesbury  Dissolving  Pulp  Hill  on 
various  species  of  fish,  and  also  an  experiment  in  which  fish  were 
retained  in  cages  in  various  parts  of  the  river  to  test  whether  they 
would  live  there.  Although  it  is  not  within  the  context  of  this 
paper  to  describe  these  other  aspects  of  the  investigation,  I  will  just 
say  that  the  results  confirmsd  the  findings  in  the  survey 
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The  Biological  Survey  vaa  carried  out  during  the-  3vuanbr 
of  1956  and  extended  from  a  point  about  two  miles  above  the  plant 
to  a  point  about  six  miles  downstream  of  it.     The  Ottawa  river  at 
this  point   is  larre,   with  an  average   flow  in  the  vicinity  of 
40,000  cu.   ft*.,   sec,     A  series  of  rapids  starts  opposite  the   plant 
at  Hawkesbury  and  extends  down  river  for  about  three  miles. 
Below  thin  the  river  enters  a  more  placid  stretch  in  which  there 
is  a  fair  depth  and  considerable  variation  of  current  strength. 
The  physical  conditions  of  the  river  in  this  lower  stretch  are 
comparable  with  those  at  the  upper  stations  two  miles  above  the 
plnnt , 

* 

The  effluent  from  the   plant  enters  the  river  on  the 
right  bank  a  short  distance  below  the  start  of  the  rapids.      It 
dous  not  flow  directly  into  the  main  river,   but  into  a  side 
channel  formed  by  a  #roup  of  islaids. 

The  situation  is  complicated  by  the    fact  that  the 
Ottawa  river  has  many  sources  of  pollution  from  the  City  af 
Ottawa  downwards,   so  that  by  the  time   it  reaches  Hawkesbury  it  is 
in  the  recovery  sta/te   from  these  pollutions  and  also  by  the   fact 
that  the  domestic  sewage  from  the  town  of  hawkesbury  enters  the 
river  untreated  only  a  few  hundred  yards  downstream  from  the 
plant  effluent. 

The  river  has  no  recreational  or  amenity  use  for  the 
first  three  miles  below  the  plant  because  the  extensive,  rapids 
make  it  impossible  to  negotiate  without  great  risk,  and  the 
upstream  pollutions  make  it  unsuitable  aa  a  source  of  domestic 
waiter  without  treatment.  The  most  important  practical  problem 
was  therefore  to  establish  whether,  the  river,  on  reaching  the 
more  placid  section,  whero  it  can  be  used,  has  recovered  at  least 
to  the  same  degree  as  above  the   plant. 

It  war-  obvious  that  there  was  a  strip  of  the   river  along 
the   right  bank  immediately  below  the  plant  and  town  sewers  which 
was  adversely  affected  by  the  effluents   from  these  sewers,   and  it 
mv  also  desired  to  know  the  extent  of  this  strip. 

The  biological  survey  consisted  of  taking  a  series  of 
samples  of  the  bottom  of  the  river  on  two  occasions  during  the 
summer  from  a  point  about  two  miles  above  hawkesbury  downstream  to 
Chuie-a-Blondeau  about  six  miles  below  this  town.     The   selection ' rf 
sampling  locations  in  this  case  was  to  some  extent  dictated  by  the 
physical  nature  of  the  river.      It  was  quite  impossible  to  sample  the 
rapids,   except  at  one   point  near  an  island  where  limited  sampling 
could  be  done  at  some  risk.     Otherwise  it  had  to  be  confined  to  the 
river  above  the   rapids  and  below  them  except  for  marginal  samples 
that  could  be  taken  from  the  bank. 

It  would  serve  little  purpose  to  give  the  detailed  results 
of  these  samples,  so  I  will  confine  myself  to  describing  briefly  the 
overall  picture. 

The   animal  community  living  on  the   river  bottom-  above 
Hawkesbury  was  generally  typical  of  a  river  well  into  the   recovery 
stage   from  a   pollution.      The    principal  animals  were   species  of 
AsejLlua,   Gamma rus.   Pisidium  and   Limnodrilus. 


-  1©2  - 

The  samples  immediately  below  tho  rapids  wore  vory  siXixier  generally 
except  that  there  were  more  Hyailolla  'than  fltimrw-ms  and  "tho  worms 
mostly  belonged  to  tho  £a"iiy  ..'."ia^dao.  Six  miles  uclow  llawkesoury 
at  Chutc-a-Blondcau  the  orioles  wore  almost  .identical  to  those  t\K> 
miles  abovo  the  plant.  Tho  differences  between  the  sonplos  immediately 
above  arid  below  tho  rapids  woro  snail.  There  vas  a  slight  indication 
of  a  fou  more  tolerant  species  bolow  than  above  -e.g.  I-vallolla  is 
thought  to  be  more  tolerrnt  than  Gamma,  us .  but  Lhi3  v;ould  indicate 
only  a  small  degree  o£  difference,  and  it  can  generally  be  deduced 
that  by  tho  tine  tho  end  of  the  rapids  i3  roach  the  river  has  for 
all  practical  purposes  rocovored  to  the  degree  that  it  had  above 
then. 

The  sampling  also  showed  that  tho  condition  that 
existod  immediately  below  the  outfalls  was  restricted  to  a  narrow  strip 
along  the  right  bank  of  tho  river  and  was  aggravated  by  tho  fact  that 
tho  fast  water  of  the  rapids  tonded  to  hold  this  water  in  against 
tho  bank  until  it  reached  tho  deeper  water  downstream,  whon  eddy 
action  induced  fixing.. 

The  second  survey  to  which  I  want  to  refer  differs 
from  tho  first  in  that  it  concerns  a  new  plant  in  an  area  i.hore  there 
is  at  present  no  pollution  problem  and  tho  su:-vey  is  being  carried 
out  to  enable  a  close  chock  to  be  kept  on  tho  situation  aad  so  avoid 
any  problem  arising.  The  survey  is  being  carried  out  at  liillhaven  on 
Lake  Ontario  at  tho  request  of  Canadian  Industries  Limited,  who  have 
been  good  enough  to  give  mo  permission  to  refer  to  it,  el  chough  the 
survey  is  not  complete . 

Tho  plant  concerned  produces  Terylene-  polyester 
fibre  although  additional  chemical  plants  are  being  devclopod  at  the 
site.  A  new  plant  to  produce  ammonia  has  been  built  and  will  be 
"on  stream"  shortly.  There  i3  no  polluting  effluent  from  tho  Terylene 
plant,  but  as  tho  Lake  In  this  area  has  a  high  amenity  value,  the 
Company  wished  to  have  a.  thorough  Biological  Survey  carried  out,  so 
that  should  any  deterioration  take  place  in  the  futuro  thoro  could 
be  an  early  and  reliable  chock  on  it. 

In  consultation  with  the  Company's  Chomlcal 
Engineering  staff  it  was  decided  to  noko  a  thorough  bottom  sample 
survey,  and  to  toko  sufficient  samples  to  obtain  rosults  that  would 
have  good  statistical  significance.  A  programme  wa*.  worked  out  which 
entailed  taking  six  samples  at  each  of  oight  carefully  selected 
stations  ovory  othor  month  for  a  full  year,  with  singlo  3ampios 
at  each  station  on  the  alternate  months.  Samples  wero  taken  tlirough 
the  ice  in  winter  by  cutting  holes  about  throo  focet  acuare  and 
lowering  the  sampling  devices  through  them.  In  consultation  with  the 
Company's  statistical  branch  it  was  decided  T,hat  si:c  camples  gave 
results  that  would  have  good  significance. 

This  suz*voy  has  boon  under  way  for  r."  j.  r.c  •  '..'  a 
and  will  continue  for  a  further  three.  At  tho  end  of  thl3  time 
we  shall  have  a  very  comprehensive  picture  of  the  biological  conditions 
from  a  point  in  the  Lake  immediately  opposite  tho  plant  outwards  in 
all  directions  for  about  two  miles.  \.'o  shall  know  not  only  tho 
species  of  animals  in  tho  bottom  community,  but  shall  have  a  record 
of  their  density  and  of  the  manner  in  which  they  vary  in  type  and 
numbers  throughout  tho  season. 
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Wo  shall  also  know  how  much  variation  can  be  expected  due  to  chance 
differences  in  sampling  and  how  much  is  necessary  to  indlcato  a 
significant  change  in  the  community. 

It  is  too  early  to  doscribe  tho  results  of  this 
survey,  but  already  one  or  two  interesting  points  have  cone  out  of 
it.  First  we  have  found  that  there  is  a  very  considerable  variation 
in  numbers  of  animals  from  sample  to  sample  even  when  takon  at  the  some 
tine  and  within  a  feu  foot,  at  the  samo  location,  although  the 
bottom  is  remarkably  uniform.  This  illustrates  the  importance  of 
taking  a  sufficiently  largo  number  of  samples  at  each  point  if  any 
significance  is  to  be  placed  on  the  nunberc  of  animals  present.  Jo 
have  also  found  that,  except  at  one  point  '..'here  tho  bottom  is  different, 
thore  is  a  general  similarity  in  tho  animal  community  over  the  whole 
area  surveyed.  This  i3  very  useful,  because  it  means  that  any  change 
in  any  part  of  tho  area  could  very  easily  be  traced. 

I  am  confident  that  this  purvey  will  produce  results 
that  will  havo  great  valuo  in  tho  avoidance  of  polluuica  problems 
in  the  future  and  uhich  \;ill  be  very  inte.vew^ng  boh  to  .■-!:■  ^dcil 
engineers  and  biolgoists  who  are  intsmsVyJ  in  crilluvi"!?  pr>'c-lo.n=. 

The  tbi:\I  in,v».v<J7:  Xitel  -ho  seccr.d  is  ?.j,   lt  riR,;  plant 
site  where  no  actual  pj.V:i"-ti  :>.■"■  >.■. ■■:•'»  1  eir,  >t   present  trciftt&j  !.>,.••  t  th-sre 
are  several  difference  isa  t*v*  '•'■.■■'ci'Anii~iw.z&   v/h*sh  ne'eesuitated 
differences  in  approach,  Thi.-?  sur.-oy  i:i  being  carried  out  in 
Lake  Tipissing  and  a  :.tro,va  rwPBJjr^  intc  it  in  tho  vicinity  of 
North  Bay.  It  is  being  done  for  Uanadior.  Johns-Msnville  Limited, 
who  have  kindly  givcm  mo  permission  to  --cfor  to  it,. 

In  this  case  tho  plant  is  an  Insulating  Board 
Plant  using  ground  wood  process „  The  plant  is  not  situated  directly 
on  the  Lake,  out  on  a  small  stream  that  flows  into  it.  "Jaoh  waters  are 
being  re-circulatod,  and  an  an  illustration  of  the  designers' 
confidence  in  their  anti-pollution  measures,  the  water  intake  for 
tho  plant  is  downstream  of  the  effluent  from  it.  In  spite  of  this, 
because  of  tho  high  amenity  valuo  of  tho  lake  in  the  area,  and  the 
Company's  dosiro  to  maintain  a  very  high  standard  in  pollution 
prevention,  it  was  docided  to  carry  out  a  survey  before  plant  operation 
so  as  to  have  reliable  data  against  which  to  check  later. 

Due  to  tho  physical  featuro3  of  tho  site  and  the 
nature  of  the  px'ocesses  it  was  decided  in  this  caso  to  carry  out  a 
combined  chemical  and  biological  survey.  Stations  were  selected 
in  the  stream  above  and  below  tho  plant  site  and  in  the  lake  at 
various  distances  from  tho  point  where  tho  stream  enters  it.  In 
this  way  a  comprehensive  picture  Is  boing  built  up  of  both  the 
chemical  and  biological  conditions  in  tho  vicinity  of  the  plant 
throughout  the  area  in  which  there  could  possibly  be  any  effect 
from  it3  operations. 

This  survey  has  jus*  been  completed  and  it  is  ohe 
Company's  intention  to  continuo  tho  surveys  after  the  plant  is  in 
operation  for  a  poriod  to  make  ur.ro  that  there  is  no  deleterious 
effect  from  its  operations. 
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Apart  from  the  major  purpose  of  collecting -data- on 
the  chemicul  and  biological  conditions,  one  or  two  interesting  points 
have  arisen  out  of  the  survey. 

The  stream  is  a  small  one  and  runs  out  of  some 
marshy  ground  over  a  falls  about  100  feet  high,  down  a  stoop  rupid  soction 
and  opposite  the  plant  becomes  a  deeper  and  slower  one  about  one 
hundred  yeards  before  ent urine  -ke  Lake.  The  water  in  the  stroam 
Is  very  acid  -  pli  5  and  vory  deficient  in  dissolved  substances  the 
result  is  a  rather  sparse  animal  population.  The  pH  rices  slightly 
before  entering  the  Lako,  which  itself  varies  fron  neutral  to  about 
pH  7.5.  Duo  to  the  fact  that  the  stream  has  depocitod  a  thick 
layer  of  sand  over  the  lover  part  of  tho  river  and  the  bottom  of  the 
lako  in  an  arc  about  half  a  nilo  radius  fron  tho  stream  mouth,  there 
is  vory  little  anirial  life  in  all  this  area,  although  tho  Lake 
it3.;lf  is  a  vory  fertile  one,  with  a  flourishing  fishery.  In  order 
to  obtain  samples  containing  a  typical  nutbor  and  variety  of  animals, 
I  had  to  go  more  than  half  a  mile  from  the  stream  mouth. 

This  is  quite  a  significant  finding,  because  one 
night  have  c:cpectod  in  a  Lako  with  a  known,  high  fortility  to  find 
u  bottom  fauna  consistent  with  it  much  noaror  to  the  stream  and  had 
this  condition  boon  discovered  by  sampling  only  after  plant  operation 
there  would  have  been  c.   temptation  to  blame  pollution  fron  the 
plant  for  it.  In  fact  it  will  bo  interesting  to  see  what  of feet 
the  plant's  oporation  vill  have  on  thi3  area.  There  will  almost 
certainly  bo  cone  riso  in  dissolved  solids  as  a  result  of  losses 
from  the  plant's  ciculating  system  and  it  seems  to  me  that  there  is 
just  a  poasiblity  that  the  productivity  in  that  part  of  the  Lake  may 
be  raised.  This,  however,  is  merely  a  guess  and  would  need  long 
odds  to  colio  off. 

1  Uopo  that  those  three  c;:ai.ipios  of  tho  uso  of 
biological  surveys  in  waste  disposal  studios  have  been  sufficient 
to  illustrate  that  it  can  bo  a  useful  tool.  There  are  of  course, 
other  applications  of  biology  to  uasto  uisposal,  such  as  toxicity 
tests,  tests  of  tho  behaviour  of  fish  and  other  animals  confined  in 
polluted  waters,  studios  of  algal  bloo.s,  etc,  Thcro  arc  also  studies 
in  related  problem.';  such  as  stratification  in  Lake  and  their  effects 
on  waste  disposal.  These,  however,  are  outside  the  scope  of  this 
paper . 

The  biological  Survey  is,  of  courso,  but  one  of  the 
tools  c.vailable  for  waste  disposal  studies.  It  is  a  useful  tool,  but 
at  the  risk  of  over-3trotching  tho  metaphor,  I  should  like  to  make  it 
cleur  that  it  is  still  a  "hand  tool11  that  is  effective'  only  in  tho  hands 
Of  on  experienced  craftsman j  it  ha3  not  yet  reached  the  stage  of  becoming 
a  "maci.ino  tool"  that  trill  give  reliable  results  in  an  automatic  machine. 
i>ory  survey  has  something  different  about  it  from  tho  one  before  and 
if  the  most  is  to  be  made  of  it,  it  must  bo  carefully  piarmod  to  obtain 
tho  moi.t  usofui  data  with  tho  minimum  expenditure  of  time  and  effort.  In 
this  way  biological  survoys  need  not  be  unduly  exponsivo  to  carry  out,  but 
unless  they  aro  carefully  planned  and  carried  out  they  can  be  wasteful . 
They  aro  at  'thoir  best  wncn  they  aro  worked  out  togothor  by  the  Chomicol 
Engineer  who  understands  his  procoss  problems  and  tho  Biologist  who 
understands  what  is  likely  to  bo  the  relationship  between  these  problems 
and  what  will  happon  undor  various  conditions  in  the  natural  waters  to 
which  any  effluents  will  find  thoir  way. 
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Introduction 

Stream  pollution  in  Canada  ha3  not  reached  tho  highly  developed 
stage  that  it  lias  in  tho  States  and  it  appears  that  it  will  probably 
be  cany  yoars  boforo  tho  problem  ascumca  the  proportions  it  has" in 
tho  States.  Tho  reduced  magnitude  of  the  problem  is  undoubtedly 
due  to  (1)  the  different  hydrological  and  mctcorlogical  conditions 
that  provail  in  the  two  orecaand  •'•  )  the  loss  heavily  concentrated 
Industrial  devolopmont  and  population  in  Canada  as  compared  to  the 
3tatos.  I  am  not  as  familiar  uith  physical  conditions  in  Canada 
as  I  am  with  such  conditions  in  the  States.  It  does  seem,  howover, 
that  in  view  of  tinaki  conditions  and  with  tho  inoro  favorrthle  rainfall 
and  stroam  flow  patterns  prevailing  in  Canada,  this  problem  nhouid 
not  be  as  great  as  it  is  tn  the  States. 

Lot  mo  further  develop  thin  point  v/ith  a  fvu   very  gunoi'al 
statistics  from  the  pulp  and  paper  industry.  For  instance,  more  than 
half  the  United  States'  wood  pulp  production  is  sulfate  pulp  Mid 
most  of  this  production  is  concentrated  in  the  deep  South.  For 
tho  past  five  years  or  30,  many  of  our  southern  States  have  been 
plagued  with  abnormally  low  stream  flows  and  rainfall.  In  one  ease 
the  offluont  of  a  largo  kraft  mill  is  19  times  the  volumo  of  the 
receiving  stream.  In  anothor  case,  and  this  is  at  ono  of  the  largest 
mills  in  tho  south,  it  lias  boon  necessary  to  reduce  the  consumption 
of  prococs  water  from  15,000  to  9000  gallons  per  minutes  due  to  sustained 
drought  conditions.  Obviously,  whore  such  abnormal  conditions 
occur  year  aftor  year,  until  tho  abnormal  is  lookod  upon  as  normal, 
an  aggravated  waeto  disposal  problem  is  created, 

For  the  benefit  of  tlu>30  who  are  not  nrj  familiar  with  our  activities 
I  think,  it  would  bo  in  order  for  me  to  tell  you  just  what  national 
Council  for  Stream  Improvement  is  -  who  supports  it  -  how  it  oporates  and 
what  services  it  renders.  Following  this,  I  will  roport  rathor  briefly 
on  some  of  tho  problems  involved  in  our  wa3te  treatmont  activities, 
how  those  problems  havo  beon  handled  and  finally,  what  hao  beeon 
accomplished  in  tho  panor  industry  in  tho  waste  abatonent  fiold  during 
tho  ten  yoars  or  so  that  our  organization  has  beon  functioning. 

'..•HAT  THE  UATIQKAL  C0UPCIL  IS 

The  Mational  Council  for  Stream  Iraprovuent  is  a  r.on-profit  research 
and  servico  corporation  organized  by  tho  pulp,  paper  and  paperboard 
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industry  for  the  purpose  of  developing  solutions  to  tho  industry's  waste. 
disposal  and  utilization  problems.  Tn  addition  to  our  activities 
in  "the  water  pollution  field,  a  study  of  the  pulp  and  paper  industry 
air  pollution  problem  wan  initiated  last  year. 

Tho  national  Council  is  supported  by  pulp,  paper  and  paper 
board  manufacturers  in  the  United  Statou  and  its  operations  are 
financed  by  duos  assessed  on  a  tonnage  basis.  It  operates  on  a 
regional  committee  busi3  with  a  paid  staff  and  with  management  functions 
centered  in  a  central  Operating  Committee  and  a  Board  of  Governors 
consisting  of  executives  representative  of  tho  various  broad  types 
of  pulp,  paper  and  paperboard  manufacture  in  the  U-.ited  States,  It 
conducts  research  at  regionally  located  research  institutions  and 
disseminates  research  and  other  technical  information  to  the  industry. 
It  furnishes  technical  services  directly  to  mombors  on  stream 
iu irovcment  problems  through  the  medium  of  its  technical  staff  and 
regional  resident  engineers. 

323r.Ar.CII  .'.ctiviti-js 

In  the  early  days  of  our  organization  the  primary  accent  was 
on  research,  'this  was  necessary  sinco  at  that  time,  some  twelve, 
years  ago,  there  was  little  organized  information  on  the  subject  of 
the  treatment  of  pulp  and  papor  mill  wastes  and  it  was  nocossary 
to  build  up  a  background  of  fundamental  information  in  this  relatively 
now  field. 

Accordingly,  throughout  the  years,  research  projects  have  boon 

established  at  a  number  of  tho  country's  outstanding  research  organizations 
including  the  I  Mellon  Institute  of  Industrial  Research,  the  University 
of  .  ichigan,  Virginia  Polytechnic  Institute,  P-utgers  University, 
Louisiana  Jtatu  University,  Purduo  University,  Oregon  3tato  College, 
the  Institute  of  Paper  Chemistry,  Kalamazoo  College,  dates  College, 
University  of  Georgia,  University  of  llaine,  and  Columbia  University. 
Most  of  those  research  projects  are  still  being  carried  on,  although 
some  of  the  institutions  mentioned  havo  completed  certain  phases 
of  their  work  and  now  projects  havo  boon  inaugurated.  Tho  projects 
at  these  various  institutions  deal  with  waste  disposal  problems 
which  are  of  particular  interest  at  tho  mills  in  and  adjacent  to 
tho  aroa  in  which  tho  research  institution  Ls  located. 

Times  c'.oc3  not  permit  discussing  those  resoarch  projects  individually 
but  it  would  be,  I  think,  of  interest  to  outline  tho  general  procedure 
followed  in  organizing  these  projects.  Tho  investigation  of  tho 
prior  art  and  tho  preparation  of  a  eomploto  bibliography  is  tho  first 
task  assigned  to  tho  research  group.  Followin:  this,  dotr-Hed  ana2yso3 
are  made  of  samples  of  tho  waste  obtained  from  nujacent  mills  to  determine 
its  pollutional  characteristics.  At  tho  same  time  the  Council's 
technical  staff  and  industry  technicians  examine  the  immediate  problems 
at  hand.  Concurrently,  tho  technical  staff  recommends  certain  laboratory 
investigations  based  on  their  knowledge  of  the  wa3te  and  their  past 
experience  with  wastes  having  somewhat  similar  characteristics.  Any 
procedures  which  show  promise  in  tho  laboratory  aro  explored  further 
in  -.'hat  might  be  called  bench  pilot  plants  and  following  this,  if  they 
still  look  promising,  tho  procedures  aro  further  investigated  in 
larger  scale  piftot  plants,  generally  at  tho  mill  site. 
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CERVICES  TO  mSEHS 


Our  Board  of  Governors  has  long  subscribed  to  the  policy  that 
research  is  merely  a  means  to  an  end,  liqianding  thin  premise,  it 
follows  that  if  the  research  findings  and  developments  are  not  applied 
to  actual  industry  operations,  tho  value  of  the  entire  program  is 
nullified,  or  at  best  is  only  of  minor  and  temporary  public  relations 
value.  In  our  case,  implementing  this  policy  has  required  that 
v/e  establish  regional  engineers  in  each  of  tho  regions  of  the  United 
States  to  consult  with  members  and  assist  them  in  applying  research 
and  pilot  plant  developments  to  their  actual  mill  operations.  ..o  have 
six  such  resident  engineers  strategically  located  from  Ueu  Jersey 
to  Oregon  and  their  services  are  available  to  members  entirely 
without  charge.  Ihey  render  a  variety  of  services,  including  mill 
waste  surveys,  3tream  curvoys,  consultation  on  local  pollution  problems 
and  the  preparation  of  preliminary  waste  treatment  plant  designs. 
Those  engineers  each  com.ionly  answer  as  many  as  one  hundred  services 
calls  a  year  and  were  it  not  for  this  service,  which  due  to  tho 
cooperative  aspects  of  our  program  it  is  possible  for  us  to  furnish 
free  to  members,  expenditures  by  mills  for  such  services  would  be 
many  times  the  actual  eost  involved  to  the  Council, 

I  believe  it  would  be  of  interest  to  those  resent  to  summarize 
vory  b"iefly  our  procedure  in  handling  individual  and  local  pollution 
situtations. 

no-.:  LouyjL  toliutio;?  i  .:03lhis  *|$g  :lm:dii3) 

An  engineer's  first  visit  to  a  mill  which  has  requested  his  sereicea 
is  generally  of  an  exploratory  nature.  In  this  first  call  he  obtains  the 
details  regarding  the  local  prohlem  that  is,  the  naturo  of  tho  complaint, 
observes  tho  general  situation  in  the  receiving  stream  and  at  the 
same  time,  investigates  the  facilities  that  tho  mill  may  have  for  dealing 
with  the  rituation.  In  many  cases  it  is  found  that  no  survey  of 
tho  quantity  and  characteristics  of  the  mill's  waste  has  been  made 
and,  in  fact,  in  some  cases  provisions  for  measuring  the  flow  have 
nevur  been  made,  Frequently,  mill  sewers  must  bo  re- arranged 
to  permit  campling  the  waste  at  various  points,  Uhere  necessary 
the  engineer  provides  the  mill  operators  with  drawings  for  the 
installation  of  weirs  and  other  devices  for  measuring  and  sampling 
tho  waste. 

Following  tMs,  samples  of  the  waste  are  taken  at  proper 
intervals  frora  the  various  mill  cowers  and  these  samnlcs  are  either 
analysed  on  tho  spot  or  taken  to  the  laboratory  for  analysis.  Generally 
the  waste  is  analysed  for  suspendod  and  settelable  solids,  BOH,  pH, 
otc.  Sometimes  it  is  necessary  for  a  stream  survey  to  be  made  to 
arrive  at  a  full  understanding  of  the  problem.  In  this  case,  the  engineer 
establishes  sampling  stations  along  tho  3tream  and  trios  to  arrange 
to  sample  the  stream  at  nvorago  low  flow.  Such  a  survey  may  r^quiro 
several  weeks  to  complete  and  the  data  obtained  may  includo  time-of- 
pacsaga  studies  and  the  analysis  of  samples  for  p:i,  alkalinity, 
dis;:olvod  oxygen,  BOD,  color,  turbit  ity,  suspended  solids  and 
sometimes  additional  values.  All  of  these  activities  are  carried 
on  in  cooperation  with  tho  mill  technical  personnel,  the  local  regulatory 
agency  representative jWd  consulting  engineers  who  may  be  engaged  in 
similar  activities  for  the  ::iill  management. 
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With  those  data  in  hand  the  engineer  can  forecast  with 
considerable  accuracy  the  improvement  which  can  be  expected  in  the 
stream  from  any  given  degree  of  treatment.     Knowing  how  much  money 
the  mill  can  afford  to  spend  on  waste  treatment  facilities  and  having 
these  data,  then,  and  then  only  can  a  waste  treatment  plant  be 
designed  that  can  reasonably  be  expected  to  meet  the  requirements  of 
the   situation  and  still  fall  within  the  range  of  economic  possibilities. 

Much  the  same  procedure  is   followed  in  evaluating  the  new 
mill  sites  which,  incidentally,  is  a  very  important  function  of  our 
organization,   as  obviously  the  logical  time  to  consider  pollution 
problems  i3  before  mill  construction  starts.     In  new  mill  site  eval- 
uation surveys,   a  more  elaborate  streat  survey  is  required  as  the 
location  of  dissolved  oxygen  sag-points  and  other  critical  conditions 
resulting  from  existing  and  further  loads  must  be  determined  and 
evaluated  in  view  of  existing  and  future  stream  usages. 

POLLUTION  PKOBIEI-iS  IN  THE.  PULP  aND  PAPTR  INDUSTRY 

I  stated  earlier  that  I  would  comment  on  some  of  the  prob- 
lems encountered  in  pulp  and  paper  mill  waste  treatment.     Obviously, 
this  must  bo  done  very  generally  since  we  have  in  the  United  Statos 
nearly  a  thousand  pdp  and  paper  mills  located  in  forty  different 
states,  with  each  state  having  its  own  individual  set  of  laws  or 
regulations  relating  to  stream  pollution  control.     While  it  can  be 
said  with  considerable  accuracy  that  each  mill  must  bo  considered  as 
an  individual  case,  there  are,   nevertheless,  certain  problems  which 
are  more    or  less  common  to  tho  majority  of  mills. 

The  outstanding  problems  that  we  have  had  to  deal  with  fall 
in  several   categories.     These  are: 

1,  Solids  removal, 

2,  Sludge  dewatering  and  disposal. 

3,  BOD  reduction. 

4,  Toxicity. 

5,  Color  removal. 

Solids  Removal 

Most  stream  pollution  difficulties  resulting  from  the  discharge 
of  paper  mill  solids  arc  due   to  the  presence  of  fairly  coarse  suspended 
matter,  largely  fibre  and  other  organic  debris.     A  largo  portion  of  this 
will  settle  at  low  stream  velocities,   causing  tho  usual  problems  assoc- 
iated with  benthal  deposits. 

On  the  average,   for  tho  paper  or  board  mill  without  wood  pulp- 
ing operations,  tho   suspended  solids  average  about  100-3GC  ppm    and  tho 
BOD  about  20-200  ppm.    In  tho  pulp  mill,   suspended  solids  may  vary  from 
50-150  ppm  with  DOD's  ranging  from  200-1000  ppm. 
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jNow  equipment  and  processes  are  constantly  being  devoloped  and 
with  such  equipment  and  processus,  reductions  of  70-90 %  of  the  suspended 
matter  is  possible  without  the  use  of  coagulants.  The  use  of  coagulants 
will  accomplish  the  settling  of  virtually  all  the  suspended  solids. 

The  cqupmont  available  consists  of  flotation  ant.  clarification 
devices,  sedimentation  basins,  diatomaceous  onrth  and  vacuum  filters  and 
othor  equipmont.  For  c  rtain  typos  of  pupor  mill  waste,  sedimentation 
basins  offer  the  most  economical  solution. 

Much  has  been  said  regarding  the  financial  attractiveness 
of  recovery  of  fibre  a::d  othvr  materials.  Ilowsvcr,  recovery  of  fibre 
beyond  a  certain  point  is  not  profitable,  but  imposes  an  actual  cost  on  the 
manufacturing  operations.  Also,  clarification  of  some  of  these  wastes 
imposes  a  problem  s'ince  residues  arc  not  suitable  for  re-use  and 
interfere  with  the  manufacturing  process  or  reduce  product  quality. 

Sludge  Pis  ,osal 

Frequently,  waste  is  encountered  in  certain  types  of  mill3  which, 
while  presenting  no  problem  of  clarification,  does  present  en  extremely 
uifi'icult  sludge  dewatcring  and  disposal  problem,  The  common  method  of 
disposal  of  these  sludges  is  lagooning  in  oarth  embanked  lagoons.  These 
aro  filled  with  kludge  vhich  Is  allowod  to  compact,  follouin. .  which 
supernatant  wator  is  syphoned  off.  T..r   residue  is  allowed  to  dry  to  a 
point  uhcre  it  can  bo  collected  by  r;oans  of  a  bulldozer  or  drag  lino  and 
liaulod  to  n  dumping  ground.  Till"  represents  a  considerable  difficulty 
at  many  mill  sites  locatod  in  highly  devoloped  and  congested  aros  t/hcra 
no  disposul  grounds  aro  roadily  availably 

j.C.J.  .i.cduction 

solids  removal  which  is  practisod  quito  generally  by  mills 
tliroughout  tho  U.:ited  .'JUtes,  unfortunately  has  a  minor  effect  in 
educing  t]ie  B.J.w,  of  tho  ^a3to  sinco  the  :....;.  is  largely  encountored 
in  the  dissolved  solids  portion  of  tho  vssto  rath.r  than  Ih  tho  settlcable 
soli  s  portion. 

„tr^»..;  nollution  problems  resulting  from  the  discharge  of  wastes 
hi»u  in  oxygen  domaid  to  recoiving  streams  with  insufficient  oxygen 
rosourcos  are  too  well  kno\m  to  r  quire  enumeration  here,  itic  development 
of  downstream  oxygen  sag-poiats  which  adversely  affect  aquatic  life, 
recoreational  usos  and  contribute  to  the  development  of  odour  and  other 
nuisances  are  common  under  such  conditions. 

,;.   roeojnlae  the  ir?portanco  of  this  problem  V-ut  despite  the 
expenditure  of  hundreds  of  thousands  of  dollars  on  research  in  the  labor- 
atory an*1,  on  pilot  plants,  nj  economically  feasible  and  universally 
a-rCLUubiu  device  to  offset  significant  reductions  1ft  the  3.0.«.  of  certain 
pulp  mill  wastes  has  as  yet  been  developed. 

During  the  past  ton  yearr,  ..Tho  Njtional  Council  for  ..trcam 
Improvement  has  spent  over  *1 50, 000,  CO  on  rosoarch  relating  to  tho 
reduction  of  tho  ri„0.;>,  of  pulp  end  paper  mill  wastes.  Hktm   of  tho 
treatment  processes  investigated  include  trickling  filters  such  as  used  for 
treating  domostic  sewage,  anaerobic  and  uorobic  decomposition,  hoat 
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hydrolysis,  aethana^as  production,  fodder  yeast  production,  alcohol 
production,  aeration,  the  use  of  oxidation  catalysts  and  employment  of 
waste  liquor  for  soil  conditioning  and  composting.  l!o.:c  of  this 
research  has  as  yet  rosulted  in  tho  development  of  a  practical  process 
for  treating  certain  pulping  wastes  and,  in  many  cases,  the  processes 
investigate* •.  woulu  require  treatment  plants  equaling  the  mill  in  size 
and  rivaling  it  in  coot. 

Considerable  pro-ross  has  boon  made  in  tho  Sulfite  industry  in 
converting  to  a  different  cooking  ba.'os  with  socio  roductiT.:  in  3.J.D. 
''.re,  howevr,  the  conversion  cost  is  lii^h  and  flratjuently  beyond  the 
financial  resources  of  many  established  sulfite  pulp  mills,  II  also 
should  be  pointed  out  that  many  problems  still  remain  to  be  solved  in 
such  conversions,  including  evaporator  sealing  difficulties,  corro3idin 
troubles  a:u  the  possibility  that  the  operation  of  the  process  will  create 
an  air  pollution  problem  more  serious  than  the  original  stream  pollution 
problem. 

.  sreat  deal  of  progress  has  been  made  b:'  the  industry  in 
effluent  disposal  practices  to  minimize  tho  effect  of  tho  oxygen  demand  of 
the  effluent  on  tho  receiving  waters.  Lrjjoonin-  of  various  typos  of  waste 
is  being  successfully  practised  and  tho  use  of  certain  waste  liquors 
for  rood  binding  is  also  successfully  employed.  In  the  final  analysis, 
ho'.-evrr,  the  D.G.D.  probler.  i3  unsolved  and  tills  problem  i3  expected 
to  continue  to  vox  tho  industry  for  some  timo  to  come. 

Toxicity 

Certain  cot;  .'.aento  of  como  pulp  mill  wastes,  when  occuring  in 
nbnarr.ally  hi^h  concentratio ..a  in  the  receiving  stroam,  have  toxic 
qualities  to  fish  and  othor  aquatic  lift,  and  this  problem  has  been 
intonsively  investigated. 

" >rtuna loly,  hoover,  most  of  the  lills  \uo   effluents  possess 
this  Lucoslrablv  quality  are  located  on  streams  whore  lar^e  quantities 
of  water  are  .  vail:  bio  for  dilution  and  this  ;.revc:tt3  tho  toxic 
constituents  from  reaching  concentration  harmful  to  the  aquatic  eiiviunn- 
ment.  Research  has  i;i  icated  that  in  caso3  where  a  dilution  factor  of 
20  to  1  is  available,  the  concentration  of  toxic  constituents  does 
not  reach  harmful  levels.  I.i  other  case3  i:hore  this  fortunate  situation 
ro^art'in.3  stroam  flow  does  not  er^ist,  efforts  have  boon  devoted  to 
devlopiii£  automatic  methods  JJor  dotection  of  critical  concentrations 
and  reduction  of  the  concentration  of  toxic  materials  by 
pre- treatment. 

Generally  speaking,  toxicity  to  aquatic  or  other  life  is  not 
now  a  serious  problem  to  the  industry  although  oxy.;en  deplotion  to  a  point 
uhcro  qquatic  life  is  inhibited  can  be  a  problem  under  adverse  stream 
flow  conditions. 

Colfcr 

WC  do  not  look  on  color  in  waste  receiving  streams  as  a 
pollution  problem  in  tho  strictest  sonso  of  the  work.  In  aony  stroaras, 
particularly  those  in  tho  south,  tho  water  is  highly  dis-colored  due  to 
natural  causes,  tho  highly  colored  appoarancc  boin^  brought  about  by  the 
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presence  of  decayed  vegetation.  Il  t>uch  streams  the  presence  of  pulp  or 
naoor  mill  wastes  mav  or  aiav  not  causa  additional  dis-col oration.  In 
«.iy  cases,  howovcr,  the  stream,  regardless  of  whether  it  receives  waste 
from  industry,  may  bo  ni.Ji  in  dissolved  o::y.;rn,  have  low  turbidity  and 
have  an  ;.bundant  a^tHiMa  life.  Ei»:  ur.-inf jrmod  _,ublic  may,  and  in  fact 
does,  consider  discoloration  as  evidence  of  pollution,  hence  consideration 
laual  be  rpiven  to  this  problem  i.ovpite  tho  actu  al  high  quality  of  the 
water  considered  purely  from  o    technical  vi  .wpoint. 

This  problem  is  of  most  importance  toue<nthc  deep  south  and 
a  considerable  portion  of  our  research  fundi  Is  bein~  devoted  to  its 
solution  with  considerable  success  having  boon  achieved  in 
developing  remedial  measures  on  a  laboratory  basis. 

In  general,  in  tho  prper  industry  the  construction  of  waste 
trcatnent  plants  is  expensive  due  to  tho  lart;e  volume,. of  waste  which 
must  be  handled.  3ar:<s   of  the  larger  unite  in  the  pulping  industry  are 
required  to  dispose  of  an  effluent  the  volume  of  which  may  amount  to 
a3  much  as  15  to  20  million  ^alloas  per  day,  To  treat  this  waste  is 
must  first  be  held  at  some  point  in  the  system  for  several  hours.  This 
:ay  require*  providing  a  tank  or  basin  having  2.  capacity  of  a  million 
or  more  gallons.  'Ihis,  together  with  tho  necessary  piping,  valves, 
pmps,  instruments  and  other  accessories,  represents  a  formidable 
investment  in  itself  and  the  actual  waste  treatment  mechanism  must  in 
addition  be  provided. 

In  concluding,  I  think  It  proper  to  naive  some  briof  report 
on  the  accomplishments  of  our  organization  and  the  industry  in 
pollution  abatement. 

'..'iL'.T  h.-.s  b".'.;j  .,ccoi-::i.iriHED 

..-yrorinstcl"  five  years  a,:o  a  .:.  tiounl  .  s„o.  Laiio  .  of  .■  r...uf:  ct** 
urers  survey  of  water  usa^c  and  waste  treatment  in  industry  showed  that 
3?£  of  ;ll  .  x.r  .ills  in  the  13  .'.t«.  »;    ej  ;«**•  .  ...ste  treatment  plants. 
...is-co  then  the  construction  o£  waste  treatment  plants  in  the  pulp  and 
.^.per  industry  has  proceeded  at  an  accelerated  ra.e.  d  rcce.'.t  survey 
of' 329  mills  by  the  national  Council  .Anf  i.^icatcd  that  180,  or  55,j  of 
the  mills  in  the  survey  ran  :1c,  havo  constructed  waste  treatment  plants 
of  one   typo  or  another.   A:.L;  L..».icates  substantial  pollution  abatement, 
particularly  '.:hen  it  is  considered  that  many  pulp  and  pa:cr  mills  are 
for tuns tely  situated  at  locations  './here  nbuudaiht  flows  is  receiving  ytreams 
oi*  tidal  water  discharge  mahe  waste  treatment  plants  unnecessary. 
Dascd  on  this  recent  survey  it  can  be  conservatively  esti  .a ted  that  the 
industry  has  spent  in  the  neighborhood  of  ,-7f3, 000,000  for  waste 
treatment  .:lant  construction  ovor  the  east  10  years,  '..nilo  comparable 
data  for  other  industries  are  not  available  it  is  doubtful  if  any 
other  industry  in  the  Uniued  wtv.or;  has  made  expenditures  of  equal 
magnitude  for  waste  treatment  facilities. 

It  is  not  my  intention  to  report  the  progress  made  on  a  state  by 
state  basis,  but  a  few  highlights  will  indicate  the  trend.   In 
AC^nsylvania,  for  instance,  practically  every  pulp  and  ,:a  er  mill  in  tho 
state  has  a  waste  treatment  plant.  In  -re -on  and   s.iin^ton,  -.here  most 
of  tho  sulfite  pupp  production  of  the  country  is  situated,  the  palp 
m.lls.  have,  by  revised  effluent  disposal  practices,  reduced  tho   volumo 
and  strength  of  the  wastes  discharged  in  critical  stream  areas  by  60,'£ 
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over  tho  past  five  yoar3.     Mil  of  the  de-inking  mills  in  nichigan 
and  Ilasycchusutt.a  have  in:.*  toll  od,  vnsto  treatment  plants.     L;  tSio 
great  kr-ft  vol  ,ii,;;;  industry  vhich,  incidentally,  produces  noro  than 
50,^  of  ,.U  the  -..sod  :,ulp  produced  in  the  U.  lice   ;l].zc:  ,    Hie  i.-.iils 
over  the  .ii.it  t:r.  .-cars,  by  hotter  recovery  uothods  and  other  in-raill 
changes,  have  reduced  the  B.0.1J.  s>£  their  ',,'aotos  on  tho  average  from 
150  to  30  pounds  of  a,w#4i,  por  ton  of  ;ro<  uct.     In  addition  ,  many 
:..ll.Ls  located  in  critical  areas  have  i  r.  .riled  vac  to  treatment  lagoons 
or  other  treatment  dovices.     there  i-..rovc;r.e:vta  ore  typical  of 
improvements  nudo  in  othvi'  unctions  of  the  country'  i-.r.d  by  other  segments 
of  the  industry,  and  aro  of  groat  significance  uhen  tho  growth  record; 
of  the  pulp  and  paper  Industry  ia  considered. 

Under  tho  expanding  domestic  economy  of  the  past  ten  years,  <..hich 
saw  all-time     reduction  records  established  by  the  pulp  andppapcr 
industry  during  almost  each  successive  year,   paper  and  ^apcrbourd 
production  increased  by  50.J.       iu-in(1  this  period  which,   indicentally, 
coincidoo  vith  tho  ,<oriod  that  the  ikUan&l  ^aucil  for  :>tivsm  I  ■.  •;*  jv.;  .onjy 
has  been  in  operation,   tho  total  pollution  load  of  the  industry  did  not 
increase,   but  rathu*  slnwtxl  a  small  decrease,     T.iir.  i*  .1  rely  another 
way  of  sa;,irv;  that  over  tho  Inst  ten  years,  pulp  and  paper  industry 
pollution  per  ton  of  product  lias  boon  dedreased  by  ovor  5QJ, 

0  i*.  our  ufe-MB try  fc.l  ih*fc  this  is  *  ..cci„caiy  uorthuhile 
accou  'liftii^eai  aiui  I  boliovc  thai  the  pulp  and  oapcr  Industry  recognises 
the  eontrliiutiaa  our  aerjttalSfctta  **U£  >«*** c  i.  accom:.liahLn~  U*ia  -csirable 
.•csult. 
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ilfiSifi.  Handling  Problems  Comnon  to  the 
Canadian  tmd  U.  3.  Canning  Industries 

by 

Robert  A.  Canham 
Washington  Roscarch  laboratories,  i;ational  Canners  Association 

Introduction  and  flaclcyround 

In  the  course  of  making  a  comparisjii  between  the  waste  problems  in  Ontario 
and  in  the  States  it  first  becomes  evident  that  there  is  no  wide  divergence  of 
products  handled  in  th j  two  countries,  therefore  the  vaste  characteristics  are 
comparable.  Since  the  majority  of  the  Ontario  canning  area  lies  within  short 
distances  of  the  shore  lines  of  Lakes  Zrie  and  Ontario,  the  growing  season  can 
be  compared  with  iiichigan,  i'iorthern  Ohio,  and  Upper  New  York  State. 

We  then  can  surmise  that  there  are  no  major  differences  in  the  wasto  pro- 
duced in  the  canning  industries  of  Ontario  and  the  United  States.  The  relative- 
ly minor  differences  would  appear  to  bo  in  the  status  of  legislation  and  enforce- 
ment. Rather  than  to  include  a  detailed  dis cushion  of  these  differences  it  will 
suffice  to  state  that  in  many  areas  of  tho  United  States  legislation  and 
enforcement  was  initiated  many  years  ago,  while  in  Canada  3uch  steps  aro  in 
somewhat  earlier  stagoa. 

Some  of  tho  background  of  the  experiences  encountered  in  the  States  may  be 
helpful  in  this  discussion. 

Work  in  the  canning  waste  field  in  the  United  States  began  nearly  30  years 
ago  with  the  first  state-level  legislation  and  enforcement  aimed  at  stream 
pollution  abatement.  Since  that  time  there  have  been  steadily  expanding  activi- 
ties both  by  the  state  agencies  to  strengthen  and  enforce  the  legislation  and  by 
industry  to  meet  the  treatment  demands.  Requirements  for  stream  pollution 
abatement  are  brought  about  by  public  demand  which  is  administered  through  the 
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various  state  agencies.  The  abroach  of  the  state  agencies  to  these  orobloms 
generally  has  boon  constructive.  The.  importanco  of  industry  to  the  economy  is 
usually  recognized,  yet  it  has  become  accessary  to  impose  waste  treatment 
requirements.  The  canning  industry  has  maintained  a  cooperative  relationship 
with  tho  various  state  ngencles  in  attempting  to  supply  mutually  satisfactory 
solutions  to  the  probloris  encountered. 

To  examine  the  background  of  the  U.S.  Canning  Industry  let  us  quote  a  few 
over-all  statistics.  The  1956  pack  of  canned  foods  was  almost  700  million 
cases  containing  more  than  21  billion  tin  and  glass  containers.  The  retail 
value  of  thesn  products  is  estimated  at  over  4  billion  dollars.  In  the  canning 
industry  alono  production  workers  receive  annual  wages  amounting  to  over  350 
million  dollars.  Cannern  provide  employment  at  peak  seasons  for  about  500,000 
persons,  and  the  many  related  industries  -  suppliers,  distributors,  transportation 
companies,  retail  establishment 3  -  multiply  that  total  many  times.  Canners 
annually  pay  to  the  agricultural  producers  of  raw  products  about  one  billion 

dollars. 

The  total  national  retail  ej-penditures  for  durable  and  non-durable  goods 
during  1956  amounted  to  167  billion  dollars.  The  4  billion  dollars  expended  on 
canned  foods  represents  2.5  percent  of  the  total,  or  in  other  words,  1  dollar  in 
every  40  was  spent  on  canned  foods, 

To  produce  700  million  cases  of  canned  food  annually  the  canning  industry  is 
estimated  to  use  some  36  billion  gallons  of  water.  Although  it  is  true  that  the 
watar  consumed  by  the  canning  industry  represents  only  some  0.1  percent  of  the 
total  industrial  water  usa^o  the  organic  content  mokes  the  waste  equivalent  to 
about  10  times  the  actual  volume. 

In  terms  of  the  organic  load  produced  in  the  canning  industry's  waste  the 
annual  biochemical  o:;ygen  demand  is  estimated  to  bo  500  million  pounds. 

At  this  point  it  must  be  stated  in  defense  of  industry  that  this  half  billion 
pounds  of  B.O.D.  represents  only  the  potential  organic  load  to  the  nation's  streams. 
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In  reality  only  a  small  portion  of  the  total  load  ever  enters  the  water  courses 
duo  to  e::isting  treatment  practices.  Estimates  of  tho  ultimate  total  3.O.D. 
contributed  to  the  streams  are  not  available.  Improvement  in  the  degree  of 
treatment  provided  by  the  industry  ha;i  been  atoudy  and  in   expected  in  tho 
future  to  continue  in  the  warno  direction. 

Let  us  review  briefly  the  sources  and  character  of  waste  from  typical 
canning  operations,  l/ator  i3  used  for  transporting  the  raw  product  and  for 
product  transfer  within  tho  process,  washing  at  various  stages  of  the  operation, 
make-up  of  brines,  syrups,  etc.,  cooling,  and  steam  production.  With  the 
exception  of  that  used  for  production  of  steam  and  the  comparatively  small  amount 
of  water  which  enters  the  product,  the  water  used  in  a  canning  operation  eventual- 
ly finds  its  way  into  a  drain  as  waste.  All  water  leaving  the  canning  plant  is 
contaminated  to  some  degree  by  organic  matter.  Spillage  of  product,  brines  or 
syrups;  settleablo,  suspended  and  dissolved  solids  contributed  from  soaking, 
washing,  trimming,  grading,  or  fluming  make  up  the  bulk  of  organic  contamination. 

Cooling  water  usually  is  contaminated  with  organic  matter  to  cuch  a  minor 
extent  ohat  treatment  io  unnecessary.  Thus  it  is  seen  that  tho  waste  for  dis- 
posal, with  the  exception  of  tho  brines,  syrups,  or  seasonings,  is   actually 
composed  of  portions  of  the  product  carried  in  a  water  medium. 

Over  a  period  of  yearn  thero  have  been  interesting  trends  observed  in 
methods  of  handling  the  food  products  with  resulting  wator  consumption  variations. 
Twenty  years  ago  it  was  commonly  considered  that  to  produce  the  average  caso  of 
canned  product,  25  gallons  of  water  were  required.  During  the  intervening  years 
caiiner3  have  constantly  attempted  to  improve  tho  quality  and  handling  of  the 
product  by  means  that  have  genorally  meant  the  use  of  more  water.  Today  the 
average  water  consumption  is  nearer  to  50  gallons  per  case. 

Now  the  thinking  la  beginning  to  point  in  another  direction.  The  ovor-all 
water  needa  in  the  United  states  and  Canada  are  increasing  at  a  tremendoua  rute. 
The  enormous  industrial  potential  of  Canada  will  intensify  the  water 
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supply  problem  in  the  future.  SffijB  the  popular  press  is  now  devoting  consider- 
aole  space  to  tba  anticipated  crisis,  Tho  industrial  demand  by  1975  is  expected 
to  bo  more  than  double  that  of  today.  fomestivc  demands  also  increase  steadily. 
It  i^  foreseeable  tiiat  there  nay  be  a  serious  water  supply  crisis  in  the  present 
generation.  All  industry  must  realize  those  prospects  and  plan  accordingly.  *m 
example  of  this  is  the  eoncL'.atrated  of fort  now  being  carried  on  for  conversion 
of  oca  uator  to  fresh  water. 

There  is  reason  to  believe  that  the  tendency  for  more  efficient  use  of 
water  with  resultant  savin;, s  will  be  accentuated  in  the  near  future.  In  the 
canning  industry  it  means  that  we  must  look  for  a  return  to  25  gallons  of  water 
per  case  and  even  les3,  while  still  improving  the  quality  of  tho  product. 

As  might  be  expected,  any  decrease  in  the  unit  amount  of  water  used  inten- 
sifies the  waste  treatment  problem,  d.O.D.  concentrations  increase  although 
essentially  tho  same  total  weight  of  organic  load  is  present.  Where  water  is 
not  available  for  dilution,  higher  d.O.D.  concentrations  can  mean  considerably 
more  difficulty  in  treatment.  Therefore  flexible  planning  is  nocessary  to  copo 
with  future  treatment  requirements, 

Vfaste  Treatment  Costs 

As  is  characteristic  of  the  food  industry,  much  of  the  canning  industry 
operates  on  a  low  profit  margin.  Therefore  v/aste  treatment,  which  is  generally 
considered  as  a  non-productive  expenditure,  is  viewod  vith  little  enthusiasm, 
especially  by  those  producers  who  maintain  seasonal  operations,  frequently 
those  with  year-round  operations  find  it  easier  ta  justify  waste  treatment  eostu 
since  the  total  gross  sale  of  their  production  in  comparison  with  seasonal 
operations  nay  appear  considerably  different  for  similar  treatment  facilities, 

Ke cent  estimates  show  that  the  total  cost  of  waste  treatment  in  the  United 
States  including  capital  investment  and  operating  charges  is  in  the  vicinity  of 
2/3  cent  per  case,  which  represents  a  total  annual  outlay  of  nearly  5  million 
dollars.  However,  this  figure  can  be  misleading.  The  reported  national  average 


-  117  - 
cost  of  2/3  cent  por  case  includes  the  production  from  many  plants  at  which 
essentially  no  waste  treatment  facilities  aro* provided.  If  such  plants  are 
oxcluded  from  the  estimates,  the  average  treatment  cost  is  believed  to  be 
within  the  1  to  2  cents  por  case  range.  Ten  to  fifteen  years  ago  a  waste 
treatment  cost  of  0.1  cent  per  case  was  the  estimate.  Although  production  is 
rising  the  waste  treatment  costs  are  rising  at  a  more  rapid  rate.  The  princi- 
pal reasons  are  those  stemming  from  the  over-increasing  degree  of  treatment 
required.  Increased  labor  and  Material  costs  have  their  effect  but  are 
secondary  to  the  increased  treatment  requirements.  Due  to  the  changing  con- 
cepts of  necessary  treatment  facilities  the  unit  cost  of  wasto  treatment  may 
be  expocted  to  follow  the  present  trend  and  increase  substantially  within  the 
next  few  years. 

A  striking  example  of  waste  treatment  cost  trends  is  revealed  in  the 
records  of  one  canning  firm.  During  the  14  year  period  of  1922-35,  total 
capital  expenditures  for  \mst^  treatment  amounted  to  025,000.  This  was  during 
the  very  early  stages  of  waste  t*wws.v<»«rtt  rr-.^uivemonts.  During  the  next  10  years, 
as  enforcement  was  beginning  to  bs  felt,  f.ui  capital  outlay  wan  $100,000.  The 
final  11  years  to  date  show  an  expenditure  of  ^500,000  for  treatment  facilities. 
Obviously  the  production  rato  did  not  follow  the  increasing  spiral  of  v/aste 
treatment  costs. 

To  anticipate  future  waste  troatmont  requirements,  think  of  a  further 
incroaso  of  600-700  percent  to  an  averago  cost  of  5  to  10  !J«afca  p*y*  a  «e  within 
the  next  few  years.  Add  to  this  the  fact  that  uaste  treatmont,  as  a  non- 
productive cost,  will  continue  to  lowor  the  profit  margin  and  increase  the 
competition  for  the  consumer' s  dollar.  It  then  becomes  increasingly  evident 
that  efficiency  of  operation  will  play  an  even  more  dominate  part  in  canning 
operations. 

Many  industries  find  that  recovery  of  usable  or  marketable  materials  is 
possible  to  offset  at  least  a  portion  of  the  treatment  cost.  This  has  not  been 
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the  case  in  the  canning  waste  area.  There  are  only  a  few  "successful" 

recovery  operations  involving  a  limited  number  of  products.  By  "successful" 

we  moan  that  rocovory  of  some  fraction  of  the  total  waste  is  being  conducted 

on  a  full  scale  basis  with  small  regard  to  cost.  There  is  little  evidonce  that 

a  financial  profit  is  possible.  The  waste  recovery  field  is  anothor  that 

should  and  must  be  explored  further  as  troatmont  requirements  increase  in 

intensity. 

Peculiarities  of  Canning  j/a^e 
The  design  of  a  treatment  plant  would  always  be  simplified  if  uniform 
conditions  could  be  anticipated.  This  i3  not  encountered  in  canning  waste 
treatment.   The  seasonal  nature  of  many  operations  has  already  boen  mentioned, 
and  the  disadvantages  of  designing  a  biological  treatment  plant  to  operate  two 
or  three  months  a  year  are  obvious. 

Customarily  a  plant  handles  more  than  one  product  and  at  times  will  pack 
sevoral  simultaneously,  .Since  oach  waste  has  characteristics  disuimilar  to 
others,  the  combinations  of  conditions  causing  variation  con  readily  be  seen, 
A  good  example  of  the  difference  is  seen  when  the  B.O.D.'s  of  the  waste  from 
various  products  are  compared.  Asparagus  waste  B.O.D.  may  be  a3  low  as 
16  ppm,  while  pumpkin  and  squash  waste  B.O.D,  may  be  as  high  as  11,000  ppm. 

Other  important  waste  characteristics  affecting  the  design  of  treatment 
are  variations  in  solids  content,  pK,  volume,  color,  temperature,  odor,  and 
deleterious  mineral  content, 

Waste  Treatment  Methods 
Tho  following  listing  includes  the  genorol  classification  of  treatment  which 
have  boen  or  ore  being  U3ed  at  tho  present  timet 

1,  Mochanical 
a)  Screening 
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2.  Chemical  Treatment 

a)  Chemical  Precipitation 

3.  Biological  Treatment 

a)  Filtration 

b)  Aeration 

c)  Impounding  Lagoons 

U*  Land  Ilethods  of  Disposal 

a)  Impounding  Lagoons 

b)  Abs'.vpV-^r.  Bsdfl 

c)  Mu;<;e*  i.n:'.  I'.'j'rnv  Sw&fS*1**?'* 

d)  Su'.-^y  Js^.^'Aon 

5#  Discharge  to  municipal  sewer  systems. 
Screening 

Screening  is  minimal  treatment  and  is  nearly  universal.  At  some  plants 
screening  is  the  only  treatment  used,  but  in  a  great  many  instances  screening 
is  a  form  of  pre-troatment.  Only  the  larger  floating,  settleabli  cr  responded 
solids  are  removed,  therefore  with  many  products  only  slight  ii.O.I).  rstiu^tjons 
are  accomplished.  In  fact,  canning  waste  analytical  data  refer  to  screened 
samples  unless  otherwise  noted. 

Both  rotary  and  vibrating  screens  are  used  satisfactorily.  Cloth  with 
openings  finer  than  40  mesh  is  not  commonly  used  except  on  somo  of  the  circular 
vibrating  units. 
Chemical  Precipitation 

Chemical  precipitation  following  the  general  principles  of  water  treatment 
was  a  logical  early  stop  and  was  well  accepted  some  15  to  20  years  ago.  Only 
suspended  solids  can  be  removed,  hence  the  B.O.D,  in  solution  is  not  affected. 
As  a  result  maximum  B.O.D,  reduction  limits  of  25  percent  with  fruit  waste  and 
IP   to  50  percent  with  vegotable  waste  could  be  expected.  In  actual  practice  most 
reductions  fell  far  below  those  standards.  During  this  early  period  such  minimum 
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efficiency  was  satisfactory  in  many  areas,  however  it  soon  became  evident  that 
primary  treatment  would  not  be  adequate.  As  a  result  cheraicil  precipitation  i3 
almost  extinct  today  and  can  only  be  recommended  at  certain  plants  where  a  low 
degree  of  primary  treatment  will  suffice. 
Biological,  Treatment 

Biological  forms  of  treatmont  were  next  considered.  At  this  time  biological 
treatmont  methods  were  common  in  the  municipal  sewage  treatment  fiold,  and  it 
seomod  logical  to  apply  those  principles  to  industrial  wastes. 

Early  attempts  at  the  util:1  v.v,5.oi.  u?  ...  .vv^rd  «p  high  mzn   trickling  filters 
for  industrial  wastes  met  wii-.,  {•3?i.?X'&  ''-'■  .j-.v-j,-.*.  ■. ;'  '-«u?-;c  t*»»  Treatment  of  com- 
bined domestic  and  industrial  W&diM;  '%?-.  h"i ■:   v&H#tk#«  pr.-iu: Msa   .,'hera  the  design 
loads  are  not  appreciably  exceeded.  Trsa 'ms&i  of  canning  we.ite  by  biological 
filtration  has  been  done  with  disappointing  results  the  general  rulo.  Several 
reasons  for  these  falluro3  are  apparent.  First,  canning  waste  usually  is 
deficient  in  mineral  nutrients  necessary  to  the  functional  organisms.  Nitrogen 
accounts  for  the  principal  deficiency,  although  phosphorous,  potassium  and  a 
number  of  trace  elements  are  also  critical.  Correction  of  these  deficiencies 
must  be  made  by  supplements  to  the  waste. 

It  may  also  be  necessary  to  make  pH  adjustments  of  some  wastes  in  order  to 
maintain  the  proper  environuent  for  the  organisms. 

The  most  serious  deterrent  has  been  the  fact  that  it  is  necessary  to  make  a 
continuous  application  of  waste  for  a  period  of  several  weeks  prior  to  tho 
canning  season  In  order  to  develop  the  complex  biologioal  growth  on  the  filter 
modiura.  Waste  must  also  bo  applied  continuously  thereafter.  It  can  be  seen 
that  those  conditions  are  not  always  easy  to  provide,  A  year-round  packer  may 
find  it  pos3iblo  to  meet  those  requirements,  but  usually  a  seasonal  canner 
cannot. 

Compared  with  domestic  waste  treatment,  proportionately  more  filter  capacity 
is  necessary  for  canning  waste  duo  to  the  much  higher  3.O.D.  concentration. 
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Shock  loads  of  high  B.O.D.  waste  have  serious  detrimental  effects  on  the 
valuable  bacterial  flora  inhabiting  the  filter  medium.  It  has  been  found 
that  certain  groups  of  bacterial  cultures  acclimate  themselves  to  limited 
B.O.D,  ranges  and  when  marked  deviations  in  environmental  conditions  are 
encountered  those  organisms  are  damaged. 

Jinally  the  cost  is  prohibitive  for  seasonal  operations.  As  a  result 
there  are  very  few  such  filtration  treatment  facilities  used. 

The  other  biological  treatment  method  of  primary  importance  involves  the 
use  of  air  to  supply  oxygen  to  a  group  of  organisms  which  feed  on  the  organic 
material  in  the  waste*  Various  names  are  applied  to  this  form  of  treatment 
such  as  activated  sludge,  straight  aeration,  total  oxidation,  etc. 

Two  major  factors  have  been  Important  in  the  slow  acceptance  of  aeration 
in  the  canning  industry  -  the  high  capital  investment  required  and  in  many 
instances  the  elaborate  degree  of  control  necessary  to  maintain  balanced, 
efficient  operations. 

Recent  experimental  work  with  aeration  has  indicated  that  under  certain 
limiting  circumstances  the  method  can  be  applied  in  a  simplified  form  to  obtain 
a  high  degree  of  purification,  provided  that  the  cost  of  treatment  can  be 
Justified.  Aeration  appears  particularly  promising  whore  a  canner's  waste 
admittance  to  a  municipal  sewer  system  or  water  course  is  dependent  on  the 
waste  B.O.D,  level  being  within  the  general  range  of  normal  domestic  sewage. 
Under  these  circumstances  the  aeration  would  be  a  form  of  pre- treatment. 

At  the  present  time  the  commercial  use  of  aeration  is  limited  to  a  very 
few  installations,  It  is  predicted  that  with  the  increasing  requirements  for 
efficiency  of  treatment,  aeration  will  be  utilized  further. 
Land,  Methods  of  Disposal 

During  the  early  years  it  became  evident  that  land  forms  of  disposal  were 
desirable,  and  as  a  result  several  methods  of  land  treatment  have  been  used. 
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Lagoons  first  became  popular,  although  today  there  is  less  enthusiasm 
for  their  use  than  in  earlier  years,  Lagooning  is  merely  the  holding  of 
liquid  waste  (usually  after  screening)  in  a  single  opon  pond  or  reservoir  or 
series  of  such  containers.  In  reality  lagooning  combines  biological  and  land 
methods  of  treatment,  "irgonioms  naturally  present  in  the  soil  utilize  the 
organic  matter  in  the  waHte  to  satisfy  their  food  requirements,  thereby  pro- 
viding biological  stabilization. 

Advantages  of  lagooning  are  tho  relative  economy,  ease  of  handling  the 
waste,  and  under  adequate  design  conditions  the  elimination  of  stroaiu  pollution. 

Disadvantages  include  the  amount  of  land  utilized,  possible  contamination 
of  ground  water  supplies,  and  odor  arising  from  gases  produced  in  tho  stabiliza- 
tion process.  In  many  instances  tho  odor  problem  becomes  the  critical  factor. 
It  is  then  necessary  to  resort  to  odor  control  measures,  \/hich  vitally  affect 
tho  economics  of  treatment, 

A  number  of  materials  have  been  used  for  odor  control.  Nothing  has  been 
found  to  give  complete  oontrol,  although  with  proper  application  some  allevia- 
tion may  be  expected.  Sodium  nitrate  in  amounts  ranging  upward  from  200  pounds 
per  thousand  standard  cases  has  been  used  extensively.  Little  success  has  been 
experienced  with  the  materials  variously  described  as  "enzymes"  or  "bio- catalysts". 
Many  odor  masking  agents  have  been  tried.  If  used  in  sufficient  quantity  these 
materials,  containing  highly  aromatic  qualities,  actually  become  tho  predominate 
odor.  Unqualified  endorsement  cannot  be  given  to  those  materials  due  to  mixed 
reactions  of  those  evaluating  the  results. 

Other  land  forms  of  disposal  wore  tried  in  the  lagoon  era.  These  included 
absorption  beds  and  ridge  and  furrow  irrigation. 

Absorption  beds  had  very  limited  application  due  to  tko  exacting  conditions 
necessary  for  success,  Wastes  are  flooded  under  controlled  conditions  onto 
shallow  beds  or  flat  land  areas  and  allowed  to  percolate  into  tho  soil,  A  pri- 
mary factor  for  successful  odor  free  operation  is  tho  maintenance  of  rapid 
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percolation.  The  waste  must  be  free  from  soil-clogging  particles.  The  ground 
rau3t  be  essentially  level  to  obtain  even  application  whon  flooding.  Sufficient 
area  must  be  available  for  ft  system  of  rotation  to  allow  drying.  Ground  wator 
contamination  is  also  a  factor. 

Ridge  and  furrow  irrigation  requires  conditions  similar  to  absorption  beds 
except  that  level  land  is  not  necessary,  The  system  includes  a  series  of 
furrows  fed  by  one  or  more  header  ditches,  all  of  which  follow  the  existing 
ground  contours  for  gravity  flow.  Controlled  intermittent  waste  application  is 
made  to  the  furrows  to  allow  filling  and  absorption.  Advantages  and  dis- 
advantages are  similar  to  the  absorption  bed  method.  There  are  only  a  few  ridge 
and  furrow  irrigation  systems  in  use  today  for  total  plant  waste,  although  in 
recent  years  extensive  use  of  this  method  has  been  made  in  disposing  of  pea  vine 
ensilage  juice. 

About  ten  yearB  ago  the  disadvantages  of  the  treatment  methods  then  in  use 
led  to  the  adaptation  for  waste  disposal  purposes  of  the  long  established  over- 
head sprinkler  irrigation  as  used  for  agricultural  purposes.  Since  that  time 
the  trend  has  been  toward  conversion  to  spray  irrigation,  until  at  the  present 
time  in  some  areas  more  than  half  tho  cannors  use  this  system. 

There  are  several  reasons  for  these  changes.  Inadequate  degrees  of  treat- 
ment due  to  increasing  requirements,  odor  problems,  the  evor-present  stream 
pollution  problem,  the  prospect  of  large  expenditures  for  questionable  biological 
treatment  methods,  and  the  relative  simplicity  of  operation  are  factors  influenc- 
ing the  changing  trend. 

Spray  irrigation  if  properly  designed  and  operated  satisfies  the  require- 
ments of  present-day  treatment  methods.  Complete  treatment  is  provided;  odor 
problems  are  eliminated  or  minimized;  stream  pollution  is  not  present  if  run- 
off does  not  occur;  the  costs  when  compared  to  oomplote  treatment  are  reasonable; 
and  no  highly  trained  personnel  are  required  to  control  the  operation. 
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Spray  irrigation  ia  nothing  more  than  agricultural  overhead  irrigation 
using  waste  as  a  water  supply  with  one  basic  exception  in  operational  practice. 
This  fundamental  difference  ia  that  in  agricultural  irrigation  a  minimum  amount 
of  water  is  spread  on  a  maximum  land  area  while  in  waste  irrigation  the  reverse 
ia  true,  The  engineering  principles  of  application  aro  the  same,  however. 

There  are  numerous  specific  requirements  and  limitations  affecting  the 
operation  of  a  spray  irrigation  system.  It  is  not  adaptable  to  winter  operation 
in  the  northern  areas.  Those  who  do  winter  canning  usually  omploy  combined 
lagoon-spray  irrigation  systems.  Winter  wastes  are  stored  until  weather  condi- 
tions permit  spraying, 

Sufficient  land  area  is  quite  important.  With  known  waste  flows  and  average 
rainfall  records  it  is  possible  to  conduct  a  soil  survey  for  basic  data  to  design 
the  noceasary  area. 

A  vegetative  oover  crop  is  necessary  for  several  important  reasons,  Without 
an  adequate  cover  to  break  the  fall  the  water  droplets  fracture  the  bare  soil 
particles  to  produce  fines  which  effectively  seal  the  surface  and  encourage 
erosion.  A  cover  crop  supplies  countless  flexible  openings  in  the  soil  by  the 
root  system.  The  growing  plant  with  its  moisture  utilization  by  the  evapo- 
transpiration  phenomenon  is  responsible  for  considerable  water  loss  to  the 
atmosphere.  A  reasonable  figure  for  the  amount  of  water  transferred  from  the 
soil  system  during  the  growing  season  by  evapo- transpiration  is  8,000  gallons 
per  acre  per  day.  If  a  six-day  rest  period  wero  provided  between  applications, 
evapo- transpiration  would  account  for  nearly  2  inches  of  48,000  gallons  of  water 
per  acre  per  day  transferred  to  the  atmosphere  during  one  spraying  cyale.  3are 
soil  is  responsible  for  only  a  small  fraction  of  this  amount. 

Many  crops  have  been  used  as  covers.  Some  of  these  include  alfalfa,  olover, 
the  tall  grasses,  the  low  or  dense  grasses,  grain  crops,  and  wooded  land.  The 
latter  has  allowed  very  high  application  rates  although  certain  tree  species 
have  been  susceptible  to  damage  from  excessive  water  and  also  from  bark  scoring 
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by  the  water  streams.  Of  the  open  land  covers  the  best  all  purpose  crops 
suitable  to  the  northern  United  States  latitudes  have  been  the  low  or  dense 
grassos  such  as  the  fescues  and  blue  grasses. 

In  instances  whore  peas,  corn,  or  other  canning  crops  have  been  tried 
for  tsovor  the  tendency  has  been  to  overwator  and  damage  the  plants.  As  a 
result  moisture  limits  should  be  more  carefully  controlled  with  crops  of 
this  typo. 

Canning  waste  treated  by  spray  irrigation  is  usually  screened  to  prevent 
pumping  and  nozzle  clogging  problems*  The  usual  rotary  or  vibrating  screen  is 
satisfactory.  Howevur  there  has  been  soma  recont  work  aimed  at  including  all 
the  solid  waste  with  the  liquid.  To  accomplish  this  it  is  necessary  to  com- 
minute the  solids  and  reintroduce  them  into  the  liquid  waste.  The  possibility 
of  eliminating  the  costly  solids  separation  and  disposal  operations  is  an 
incentive  as  is  the  added  fertilizing  potential  to  the  soil.  There  are  at  the 
present  time  mechanical  problems  remaining,  and  further  studies  are  necessary 
to  evaluate  the  systom. 

In  a  spray  irrigation  system  standard  pumping  facilities  are  used.  These 
Include  electric,  gasoline,  dieeel  or  liquid  propane  as  sources  of  power. 
Frequently  it  is  necessary  to  pump  to  the  spray  site  with  one  oporation  and 
pump  through  the  irrigation  system  with  another. 

Irrigation  fields  seldom  adjoin  the  plant  and  many  times  are  more  than  a 
mile  distant.  Common  types  of  pipo  are  used  -  uncoated  steel,  galvanized  steel, 
aluminum,  wood,  asbestos-cement,  concrete,  clay,  cast  iron,  or  plastic.  The 
economics  and  waste  characteristics  govern  the  selection  of  the  pipe.  Usually 
the  laterals  which  are  moved  at  regular  intervals  aro  of  a  convenient  light 
material  such  as  aluminum. 

Whore  the  waste  is  moved  from  the  plant  to  a  sump  in  the  field,  the  sump 
generally  is  deolgnod  to  hold  only  30  to  U5   minutes  of  plant  flow.  In  this  way 
fresh  waste  is  assured  and  odor  problems  are  minimized. 
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Uniform  coverage  of  the  spray  area  is  accomplished  by  designing  the  area 
ana  pipe  layout  such  that  each  lateral  will  be  ..vovod  at  frequent  intervals  to 
allow  a  rest  period  before  returning  to  tho  original  site.  Six  days  is  consi- 
dered, to  be  a  reasonable  spruy  interval. 

Spray  nozrAes  are  self-actuated,  revolving  sprinklers  of  various  sizes. 
Tho  vory  large  sprinklers  are  adaptable  to  wooded  areas  while  the  smaller  sizes 
are  best  suited  to  open  fields,  however  nozzle  openings  less  than  1/4  inch  are 
not  recommended  due  to  clogging  nuisances. 

In  summation  it  may  also  be  said  that  spray  irrigation  is  not  without  its 
problems.  Ground  water  contamination  is  a  persistent  consideration.  Either 
inadequate  area  or  poor  management  is  often  responsible  for  ponding  and  run- 
off. Land  costs  are  frequently  unreasonable.  Distance  to  suitable  and  avail- 
able sites  is  often  a  factor.  Recently  it  has  also  been  noted  in  a  few  instances 
that  odor  controlling  procedures  have  been  necessary  due  to  objections  from  fresh 
waste. 
Discharge  to  municipal  sewer  systems 

This  brings  us  to  the  practice  of  disposal  of  canning  waste  directly  to 
municipal  sewage  treatment  plants.  V!here  possible  and  permissible  this  method 
is  by  far  the  most  logical  and  eventually  the  most  economical.  Unfortunately  the 
majority  of  canning  plants  aro  located  in  or  near  communities  which  do  not  have 
adequate  facilities  to  handle  the  additional  load  created  by  tho  waste. 

In  a  municipal  sy3tem  there  usually  is  a  charge  assessed  for  handling 
industrial  wastes.  The  present  sewer  fee  trond  for  industrial  waste  is  on  the 
basis  of  (1)  voluiae,  (2)  pounds  of  tf.O.D.  in  excess  of  that  normal  to  domestic 
sewuge,  and  (3)  suspended  solid3  in  excess  of  that  normal  to  domestic  sewage. 
Air/  one  or  combinations  of  these  factors  may  be  U3ed  as  the  basis  for  charges. 
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Future?  Considerations 
We  have  already  observed  that  the  future  will  see  greatly  increased 
requirements  for  all  industrial  waste  treatment,  We  have  also  noted  that  in 
the  foreseeable  future  the  water  supply  crisis  throughout  tho  two  nations 
will  make  necessary  waste  treatment  to  the  potable  water  level.  It  is  then 
logical  to  predict  that  industry  as  well  as  municipalities  will  be  faced  with 
fantastic  costs  to  obtain  such  treatment  degrees.  Indeed  we  can  foresee  such 
water  shortages  and  competition  for  tho  supply  that  regulated  controls  will  be 
necessary. 

How  can  industry  meet  this  challenge?  First,  there  must  be  concentrated 
efforts  aimed  at  water  economy  and  increased  efficiency  of  water  usage.  Work 
of  this  nature  is  presently  underway  in  the  Uestern  United  States  but  only  on 
a  small  scale,  A  great  amount  of  research  is  necessary  to  anticipate  and 
meet  the  critical  problem  before  it  is  too  late. 

Second,  there  must  be  widely  expanded  work  to  develop  new  and  improve 
existing  waste  treatment  methods  to  obtain  the  efficiencies  that  eventually 
will  be  required.  Expanded  research  activities  is  the  solution  to  this  problem. 
More  investigators  must  be  attracted  to  the  waste  treatment  field,  More  funds 
must  bo  made  available  for  this  purpose.  More  interest  must  be  shown  by  top 
management. 

Further,  the  cooperative  approach  to  those  problems  is  necessary.  All 
agencies  concerned  with  the  water  and  waste  problem  must  join  in  looking  for 
solutions  to  the  problems  common  to  industry  and  municipalities.  Those  in  the 
various  industries,  the  rosearch  organizations,  the  conservation  groups,  the 
municipal  officials,  the  state  regulatory  authorities,  the  Provincial  Officials 
and  the  Federal  and  Dominion  Governments  ohould  develop  closer  working  relation- 
ships to  get  the  most  good  from  the  available  facilities.  The  benefits  from 
such  research  studios  should  be  made  available  to  all  those  lntoreated. 
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Introduction 


V/a3te  treatment  has  undergone  considerable  improvements  in 
technology  since  tho  time  whon  troatmont  practices  wore  thought  of  solely 
in  terms  of  burial  and  stream  dilution,  How,  \ihon  DUnicipalitios  and 
industrial  firms  aro  planning  wasto  treatment  plants,  the  results  of 
years  of  research  and  development  on  waste  troatmont  are  at  thoir  command. 
Data  on  almost  every  phase  of  troatmont  is  becoming  more  readily 
acccssiblo  in  tho  publishing  of  more  accuarate  and  complete  operational 
reports  by  municipal  plants  as  laboratory  mothods  of  analysis  continue 
to  improve. 

In  tho  past  few  years  extensive  work  has  boon  accomplished  on 
laboratory  filtration  techniquos  and  analyses,  and  these  methods  have 
been  presented  to  treatmont  plant  technicians  and  chamist3  through  tho 
literature, (1, 2,3)4) •  Also  some  Information  has  been  publishod  regarding 
techniques  to  be  usod  for  proper  filter  operation  in  tho  treatment 
plant  C4, 5),  However,  relatively  little  information  is  available  on 
correct  filter  application,  and  as  a  consequence,  now  treatment  plants 
aro  usually  designed  to  employ  oquipiaont  which  is  working  satisfactorily 
in  nearby  plants,  and  design  ratos  aro  calculated  by  applying  a  safety 
factor  to  the  average  performance-  of  plants  which  employ  similar 
equipment  (6), 

This  technique  is  fundamentally  sound  and  has  worked  for  the 
majority  of  plant  equipment.  However,  when  filters  are  designed  on  this 
basis  there  is  no  assurance  that  tho  plant  influent  contains  tho  same 
type  of  solids  on  which  tho  design  calculations  were  based,  and  in  many 
cases,  sludgo  characteristics  ore  such  that  filtration  13  troublosome  at 
best.  This  condition  has  induced  some  treatmont  people  to  believe  that 
filtration  i3  to  bo  avoided  as  much  as  possible. 


J..JU  - 


The  troublesome  conditions  that  arise  which  tend  to  discourage  filtration 
aro  usually  ono  or  mora  of  the  following!  (l)  rapid  media  blinding, 
{2}   low  cako  ratos,  (3)  high  cake  moistures,  and  (U)   M-£h  chemical  consumption. 
Those  conditions  aro  mainly  pT  ivalent  in  activated-digested  or  digautad- 
elutriatud  plants  whora  difficult  sludgos  with  a  low  solids  content  aro 
usually  encountered.  In  most  cases,  primary  sludge  filtration  is  generally 
considered  devoid  of  the  troubles  mentlonod  duo  to  tho  large  particle 
sise  of  the  solids  and  tho  usua.'>-  hlfih  solids  content  of  tho  sludge. 

One  of  tho  major  reasons  for  much  of  tho  four  troublesome 
conditions  concerns  tho  effectiveness  in  the  sludge  conditioning  prior 
to  filtration.  Unfortunately,  the  result  of  improper  flocculation  is 
evidenced  not  in  tho  conditioning  tank  but  nattier  in  the  poor  filtration 
operation,  and  the  filter  therefore  appears  to  be  performing  badly.  Thus, 
in  many  cases  tho  high  costs  resulting  from  media  blinding,  low  rates, 
high  cake  moistures,  and  excossivo  chor.ri.cal  dosage  should  be  attributed 
to  the  conditioning  stop,  rather  than  the  filter.  Therefore,  an 
investigation  of  flocculation  techniques  was  undertaken  to  detenu  ;:.o 
the  proper  chomicol  addition  procedure  for  optimum  sludge  flocculation. 

A  secondary,  and  equally  important,  <;  'c  for  tho  occurrence  of 
filtration  difficulties  is  tho  poor  discharge  normally  oncountored  with 
thin  cakes,  coupled  with  the  inability  to  adequately  clean  tho  media 
on  cloth-covered  drum  filters.  Incomplete  cake  discharge  on  cloth  filters 
results  in  a  gradual  build-up  or  accumulation  of  solido  in  the  intoroticos 
of  the  media,  which  effectively  blocks  liquid  flow  through  the  media. 
This  blinding  action  lowers  tho  productivo  capacity  of  the  filter  in  two 
ways.  First,  due  to  a  partial  blinding  of  the  entire  media,  the  pressure 
drop  across  the  media  itself  is  increased,  and  thus  tho  portion  of 
vacuum  applied  to  tho  actual  filtration  of  sludge  i3  reduced.  Consequently, 
the  cake  formation  rate  is  lowerod  and  tho  cake  moisture  content  is 
increased,  uecond,  due  to  complote  blinding  on  portions  of  the  media 
(media  blinding  generally  begins  near  the  caulking  strips  where  the  cake 
is  the  thinnest  and  pro^reasivoly  increases  in  covorage  as  3olids 
accumulate),  the  effective  filtration  area  is  reducod  and  tho  productive 
capacity  is  lowered.  In  order  to  prevont  the  gradual  blinding  of  the 
media,  the  accumulation  of  solids  in  the  interstices  of  the  media  must 
be  removed  or  prevented  from  forming.  To  do  thiG,  a  complete  discharge 
mu3t  be  effected  such  that  there  is  little  chance  for  solids  to  adhere  o 
to  the  media.  Also,  the  filter  should  be  designed  in  a  manner  that  enables 
the  media  to  be  thoroughly  cleaned  without  interruption  of  the  filtration 
operation.  Thus,  by  employing  a  filter  which  embodies  these  principles 
in  its  dosign  on  difficult  sludges,  sludge  filtration  should  be  groatly 
improved  resulting  in  a  more  economical  operation. 

In  order  that  thi3  theory  might  be  tested,  filters  at  sovoral 
sewage  troatmont  plants  which  woro  oncountoring  difficult  filtration  with 
thoir  particular  sludges  were  converted  to  tho  Rotobelt  type  filter. 
This  filtor  incorporates  in  its  deel^i  provisions  for  removal  of  the 
filtering  medium  from  the  filtor  drum  surfaco,  3uch  that  tho  medium 
may  bo  passed  over  a  small  diametor  roller  to  completely  discharge  thin 
cakes  to  l/l6"  while  also  allowing  that  tho  medium  nay  be  cleaned  at  will 
without  inter f erring  with  the  filtration  operation  (7).  The  results  of 
these  studios  aro  presented  in  tho  "Vacuum  Filtration"  Section. 
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In  solving  tho  difficulties  surrounding  tho  conditioning  step, 
a  complete  analysis  of  tho  flocculation  uethods  employed  in  conditioning 
waste  sludge  was  made.  The  investigations  were  carried  out  both  in  the 
tho  pilot  plant  and  in  sewage  treatment  plants.  In  the  former,  the 
experimental  equipment  was  mado  sufficiently  flexible  so  that  variables 
associated  with  agitation  and  chemical  contacting  could  be  studied, 
In  tho  plant  studies,  samples  of  conditioned  sludge  were  obtained  at 
various  positions  in  the  feed  line  to  tho  filtor.  These  camples  wore 
then  erulyaed  for  filtering  characteristics  by  the  loaf  test  tochnlquo  (A), 
It  was  found  that  in  3ome  cases  very  poor  nixing  of  choinicals  was 
occurring  in  tho  ir.ix  tank  and  either  partial  flocculation  or  chemical 
overdosage  was  occurring  and,  consequently,  poor  filtration  was  being 
achieved. 

In  other  cases  the  sludge  was  well  J"  Peculated  on  leaving  the 
mix  tank,  but  a  gradual  reduction  in  the  filtration  rate  occurred  in  the 
passage  of  the  3ludgo  to  the  filtor  tank.  The  reduction  in  rate  was 
attributed  to  tho  largo  hold-up  time  in  the  piping  from  the  mix  tank  to 
the  filtor  and  tho  subsequent  breakdown  of  the  flocculos  with  time.  Thus, 
it  was  evident  that,  shortly  after  tho  proper  mixing  of  tho  chemicals 
with  tho  sludge,  a  maximum  or  peak  filtration  rnto  is  achieved,  after 
which  any  increase  in  rotontion  timo  is  detrimental  to  filtration. 
This  relationship  botueen  poal:  filtration  rate  and  tho  time  after  addition 
of  chomicals  has  been  nontionod  previously  in  the  J-,+<:*turo  (2,4). 

Tho  solution  of  tho  conditioning  problem  waa  determined  therefore 
to  bo  two-fold  in  nature.  Tho  first  part  lie  in  designing  conditioning 
oquipmont  to  produce  sludge  flocculation  that  would  exhibit  tho  highest 
filtration  rate  at  the  lowost  chemical  consumption.  The  second  part  lio 
in  the  dotoraination  of  tho  propor  retontion  time  after  corroct  flocculation 
such  that  those  optimum  or  p:-ak  rates  woro  obtained  in  the  filtration 
step* 

COKDITIOIUUC  uCUTOuaiT  D^ilGH 

Although  thoro  is  little  information  available  on  tho  propor 
design  for  sludgo  conditioning  oquipmont,  the  fundamental  roquirouont 
iy  the  obtaining  of  a  rapid  and  intimate  intorpenotration  of  the  flocculating 
reagents  with  tho  sludge  particlos  in  a  fluid  rogime,  and  therefore 
design  comparisons  can  be  mado  from  mixing  oquipmont  operating  in  other 
fluid  regimes  by  Eioan3  of  fluid  mechanics  (8,9).  This  is  pos3iblo  since 
the  properties,  motion  and  boundary  conditions  of  all  fluids  can  be 
described  in  the  same  dimensional  units.  By  placing  these  units  in 
dimonoionleps  ratios  or  groups,  correlations  havo  been  developed  which 
allow  different  fluids  with  difforent  boundary  conditions  to  have  the 
similitude  of  their  motions  rolatod  to  each  other  (9,10).  The 
dimensionloss  groups  employed  in  correlating  mixing  data  are  (11) s 


Power  Number  Hp  =  Pg     1 

Reynolds  ilumbor       %o  =  D2NP   2 
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p 

Froude  Number  NFr  =_DNl_ 


The  Power  number,  Up,  represents  the  inertia  forces  in  a  moving  liquid, 
the  Reynolds  number,  line,  represents  the  effect  of  viscous  forces,  and  the 
i'roude  number,  iJpr,  represents  the  effect  of  spocific  weight  and  gravity. 
If  the  systems  urxier  consideration  are  geometrically  similar,  it  is 
possible  to  relate  theso  groups  as  follows  (9). 


UD  =  •'.:  (Nii0)m    ("Fr)n 


Therefore,  in  the  investigation  of  tho  proper  flocculation  techniques 
for  waste  kludges,  it  was  necessary  to  employ  equipment  v/hich  can  be 
duplicated  for  full-rcale  agitation  such  that  geometric  similarity  will 
occur  and  Equation  /..  can  be  used  for  scale-up.  Figure  1  is  a  sketch 
of  the  apparatus  uaod  in  conducting  the  flocculation  tests.  It  consists  of 
a  cylindrical  tank  which  is  divided  into  three  zones  by  horizontal 
baffles  and  in  addition  vortical  baffles  to  aid  in  chemical  contact :"j:g. 
The  design  ia  sucl.  that  dynamic  similarity  can  bo  obtained  with  largo 
scale  equipment.  The  three  zones  or  mixing  phases  are  (l)  the  initial 
contacting  zone,  where  the  ferric  chlorido  mixing  occurs,  (2)  the 
secondary  contacting  zone,  where  tho  lime  mixing,  if  any,  occurs,  and 
(3)  the  retenticn  sono,  which  can  be  variod  by  tho  adjustable  overflow 
arrangement  to  insure  that  complete  flocculation  is  obtained  before  the 
sludge  overflow.'!.  It  is  evident  that,  if  proper  mixing  is  obtained  in 
Zones  1  and  2,  complete  flocculation  will  occur  soon  after  the  sludgo 
leave 3  Zone  2,  r\nd  Zone  3  bocomes  extromely  small, 

A  mechanical  mixer  drive  fitted  with  a  diroct-roading  tachometer  **».* 
mounted  above  oho  tank  center.  Various  impellers  and  baffling  arrangements 
uera  tooted  to  provide  a  range  in  tho  mixing  correlation,  so  that  tho 
most  cconouir.il  operation  may  be  determined,  from  both  a  low  power 
requirement  md  a  high  filtration  rate  standpoint,  kludge  was  fod  «y 
constant  flow  to  the  bottom  of  the  tank,  and  filtration  rate  data  were 
obtained  on  v-lie  flocculated  sludge  as  it  overflowed  the  tank  by  means 
of  the  loaf  t33t  i  *rhniquo(  '*) .  It  was  decided  to  U30  the  leaf  tost 
rather  than  tno  Duechner  funnel  test  in  this  instance^  for,  in  tho  leaf 
test,  the  sludge  is  picked  up  by  tho  vacuum,  and  cake  thickness,  and 
consequently  filtration  rate,  is  a  function  of  the  effectiveness  of  the 
flocculation.  The  test  loaf  was  fitted  with  a  Polyethylene  cloth  with 
a  l/l  plain  weave  which  has  a  porosity  that  permits  a  high  flow  while 
maintaining  a  good  filtrate  clarity,  Tho  cloth  was  checked  after  each 
run  to  doteimine  that  no  blinding  had  occurred,  thus  insuring  that  all 
test  were  performed  under  similar  conditions, 

PILOT-PL, .!  IT  .-ilXIUG  K1-:JULT5 

In  order  to  determine  the  optimum  impeller  for  good  sludge 
flocculo  formation,  the  leaf  t  ;st  rate  rosults  were  correlated  with 
regard  t>  ttn  proper  nixing  speed.  Figure  2  ia  a  plot  of  Percentage  of 
Maximum  Filt nation  Rate  as  a  function  of  tho  mixer  speed.  The  maximum 
filtration  rate,  or  100^  levol,  was  arbitrarily  chosen  as  tho  rate 
produced  wi1  h  a  pro-detorr.incd  minimum  chemical  dosage  by  laboratory 
scale  flocuJLation  under  ideal  conditions,  Tho  pilot  plant  mixing  data 
was  then  compared  with  this  same  rate  at  tho  samo  chemical  dosage. 
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All  available  types  of  impellers  wore  tested  in  this  investigation,  nnd  the 
curves  projontod  in  Figure  2  nro  typical  of  soiao  rosults  for  various 
inpellor  familioo.  Only  one  ratio  of  Tank  Diamctor/lmpoller  Diaraotcr  is 
shown  for  each  family,  and  othor  ratios  yield  higher  or  loucr  filtration 
rates  depending  on  test  conditions. 

It  i3  interesting  to  note  that  poak  filtration  rates  occur 
at  low  rpm  valuos  particularly  under  baffled  conditions.  Also,  it  is 
seen  that  the  poak  valuos  oxtond  over  a  relatively  small  rpm  range* 
These  two  conditions  point  out  that  ir "  cing  speed  is  extremoly 
critical  if  intimate  contacting  and  good  flocculation  ore  to  occur,  and 
speeds  los3  or  creator  than  this  critical  3peed  will  not  produce  the  most 
economic  sludge  conditioning.  It  3hould  be  noted  that  the  critical 
mixing  spoed  is  dependent  on  the  typo  of  sludge  treatod  as  woll  as  the 
particular  impcllor  and  bafflo  arrangement  employed. 

It  v/as  diocovorod  in  the  investigation  of  sludge  conditioning 
in  various  troatmont  plants,  that  filtration  rate  incronooo  v/ere  noted 
occasionally  v/ith  no  change  in  chemical  addition.  This  change  in  rate 
was  attributed  to  fluctuations  in  sludge  quality.  Kowovor,  most  sludge 
conditioning  tunics  are  fittod  with  variable  ^pocid  drives  and  paddle  type 
"'"'is  which  are  usually  sot  to  turn  at  15  to  60  rpm.  The  variable 
speed  drivo  will  fluctuate  duo  to  the  pulley  arrangeraont,  and  identical 
settings  will  produce  slightly  different  speeds  from  day  to  day, 

Uxamining  the  curve  in  Figure  2  for  the  paddle  type  impeller, 
it  is  oboorved  that  in  the  mixer  speed  range  of  0-55  rpm  the  curve  is 
quite  steep,  and  a  cliange  in  spood  from  7  to  21  rpm  will  doul'o  the 
filtration  rate.  Therefore,  it  can  bo  assumed  that  the  variance  in 
filtration  rate  iiotcd  in  sewage  treatment  plants  could  bo  caused  in 
many  cases  by  slight  changes .  in  mixing  spood  from  day  to  day  when 
agitation  oporation  is  on  the  3teep  portion  of  the  rate-3peed  curve. 
This  would  be  particularly  true  when  piping  distances  from  the  mix  tank 
to  the  filter  are  fairly  short,  and  a  variance  in  mixing  effectlvonss 
would  bo  quite  noticeable  in  filtration.  Sludgo  floccules  are  generally 
broken  down  to  the  some  dogroo  in  longer  piping  distances  and  mixing 
variances  ore  not  as  pronounced. 

As  o»n  be  seen  from  Figure  2,  the  highest  filtration  rates  were 
obtained  with  the  curvod  blade  turbino  and  the  propeller,  both  of  which 
approached  803  of  the  ideal  filtration  rato.  Howevor,  the  optimum  value 
for  the  mixer  spood  for  the  propeller  was  about  150  rpm,  whereas  the 
best  results  £or  the  curvod  blado  turbine  wero  obtained  at  a  mixer  spoed 
of  about  340  rpm. 

As  indicated  in  the  Pawor  number  expression,  power  is  proportional 
to  the  cube  of  the  jpeod  of  the  mixer.  This  would  noan  that,  if  all 
other  variables  were  equal,  the  propollor  would  draw  j  152.V 

'.340.' 
or  about  l/8  the  power  of  the  curved  blade  turbine.  Thereforo,  since 
rato  performance  appears  to  bo  approximately  the  same  for  both  impellers, 
indication  from  \.ho  power  criteria  show  the  propeller  to  be  the 
optimum  t  jj  po  of  impeller  to  bo  used  for  flocculating  the  particular 
digested  xludgo  employed  in  this  investigation. 
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Figure  3  illustrates  the  typical  type  of  Reynolds  number  correlation  for 
'■■1."'or  (9.11) •  The  oxact  shapo  of  this  plot  of.\\-  Ha 

as  a  function  of  the  Reynolds  number  ia  not  the  same  for  all  %-pm   of 
impellers.  However  this  typo  of  plot  is  feci  t  ful  in  defining  .Mixing 
intensity,  and  it  ia  extremely  useful  for  scaling-up  to  full  sizo 
mixing  installations.  Foj"  example,  a  particular  scale-up  job  nay  require 
that  geometric  similarity  bo  maintained,  and  that  comparable  results 
may  roquiro  n  constant  Reynolds  number.  „.s  the  tank  diameter  increases 
in  tho  largo  installation,  the  imp*  "".lor  diameter  must  increase  in 
proportion  to  maintain  the  same  D/T  ratio.  Therefore,  as  tho  impeller 
diameter  increases  the  mixer  speed  must  be  reduced  considerably  to 
maintain  tho  same  Reynolds  number.  Tosts  to  date  indicate  thut  flocculation 
scale-up  will  have  neither  a  constant  lljv   or  a  constant  W^0,  but  rather, 
acalo-up  will  oo  bnsod  on  more  complex  dimonsionloss  groups. 

Optimum  fluid  conditions  for  successful  flocculation  dopond 
not  only  on  the  impeller  speed,  impollcr  diameter,  ana  characteristics 
of  that  particular  inj.  Mcr,  but  also  on  thi-  properties  of  tho  sludge, 
figure  3  shows  one  of  tho  typical  charts  used  for  acalo-up  from  pilot 
plant  to  full  size  mixing  equipment  to  produco  tho  desired  results.  These 
curves  illustrate,  among  other  things,  that  flocculation  of  sewage 
sludgo  in  the  tests  performed  is  accomplished  in  tho  transition  range 
between  laminar  and  turbulent  mixing.  In  this  range,  certain  factors, 
which  might  be  neglected  in  other  Reynolds  Kunber  rangos,  become  quite 
important.  For  example,  tho  solection  of  impeller  and  baffle  characteristics 
in  this  range  becomes  quito  cetjondont  on  the  apparent  fluid  viscosity. 
Figure  4  illustrates  apj-evrent  viscosity  of  one  of  the  typical  sludge 
types  studied.  All  sludges  are  thixotropic,  or  false  bodied,  30  it  is 
necessary  to  correlate  apparent  viscosity  with  impollcr  3pcedc. 

As  indicated  in  Figure  3,  the  aludgo  nixing  results  are  shown 
with  respect  to  the  Reynolds  number  calculated  for  the  system  used  in 
the  investigation.  These  results  nro  for  a  dilute  digested  sludge  of 
about  2-3#  solids  obtained  at  a  local,  small  sowago  treatment  plant. 

An  investigation  is  being  continued  at  tho  prooont  time  to 
determine  tho  optimum  impoller  for  various  typos  of  sludges,  including 
some  general  typos  of  industrial  wastes.  However,  it  is  evident  from 
tho  results  on  the  digeotod  sludgo  that  a  proper  chc.'eo  of  impoller 
coupled  with  the  uso  of  a  pre-doterminod  critical  speed  is  extremely 
important  if  optimum  conditioning  and  the  most  economical  filtration 
rates  are  to  occur.  Uhen  now  treatmont  plants  are  designed  and  actual 
sludge  to  be  obtained  is  unknown  or  \/horo  the  characteristics  of  the 
sludge  aro  known  to  vary  from  day  to  day,  a  variable  spoed  drive  on  the 
mixer  is  recommended  to  achiove  peak  performance. 

It  i3  obvious  that  those  tests  would  serve  no  useful  tialue  if 
they  could  not  be  scalod  up  to  full  scale  design  data.  Thus,  every 
effort  was  and  is  being  oxtendod  to  obtain  tost  data  in  such  a  manner  that 
os^ablir;hod  mixing  scale-up  techniques  can  be  used  in  the  manner  previously 
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PBOPBR  BETJKTIOH  TIKE 

It  was  discovered  in  the  sludgo  mixing  investigation  that 
extremely  good  sludge  flocculation  would  bo  obtained  with  the 
proper  selection  of  impeller  and  mixer  spoed.  If  this  selection 
were  made  correctly,  Zone  3  in  Figure  1  became  extremely  small  and 
rotention  tino  was  minimized.  Thu3,  it  was  concluded  that  the 
corroct  retention  tine  with  a  propor  mixer  design  should  range 
from  2.0-0.25  minutes,  depondent  on  tho  quality  and  type  of  sludge. 
In  order  th$t  this  can  be  done,  whilo  also  minimizing  the  amount  of 
floccule  break-down  after  flocculation,  the  chemical  mixing  equipment 
should  be  mounted  diroctly  in  back  of  the  filtration  equipment. 
In  this  way,  the  flocculatod  sludgo  will  gently  overflow  tho  mixing 
chamber  into  the  filter  tank,  r  ooulting  in  no  sludgo  turbulence 
and  a  minimum  retention  time.  This  type  of  operation  has  proved 
extremely  suceosful  in  previous  installations,  notably  at  the 
City  of  Sacrearaento,  California  (5). 


Vacuum  Filtration 

The  second  phase  of  tho  solution  to  tho  troubl03  surrounding 
tho  filtration  stop  concerns  tho  design  of  the  filter  itself.  It 
has  been  established  from  a  thorough  study  and  analysis  of 
sludge  filtration  that  the  basic  criteria  for  judging  filter 
operation  are»  (l)  the  amount  of  sludge  handled  per  unit  area 
(as  measured  by  dry  pounds  per  hour  per  squaro  foot),  (2) 
tho  dogroo  to  which  the  sludgo  i3  dewaterod  (as  measured  by  cake 
moisture  content),  (3)  the  efficiency  jf  the  separation  of  3olids 
from  liquid  (as  measured  by  the  solids  content  in  tho  filtrato), 
and  (A)   tho  rolativo  cost  of  the  filter  oporation.  The  first 
three  criteria  have  boen  3ttidlod  in  previous  articles  (1,2,4,6,7,13, 
16),  while  the  fourth  will  bo  covered  in  this  paper  from  actual 
plant  results* 

The  major  factors  affecting  filtration  rate,  or  the 
amount  of  sludge  handled  per  unit  area,  can  bo  developed  from  the 
fundamental  Poiseuille  liquation  for  filtration  given  bolow  (12): 


c  k  Ujwl  +  r)         (5) 
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As  Equation  (5)  yiclda  on  instantaneous  filtration  rate  whilo  continuous 
filtration  is  a  cyclic  process,  tho  equation  must  bo  integrated 
to  employ  it  in  this  application.  In  ordor  to  perform  tho 
integration^  {*&**   w,  r  andkP  would  havo  to  be  considered ojonstants. 
For  any  particular  food  sludge,  tho  liquid  viscosityy^and  solids 
concentration  w  (oxpressed  as  weight  of  dry  cako  solids  per  unit 
volume  of  filtrate)  uould  ue  constant  over  a  finite  period  of  time. 
The  specific  cako  resistance  vis  primarily  a  gjojiction  of  the  nature 
of  the  solid3,  pressure  drop  across  the  cake,  food  solids  concentration 
and  migration  of  fines  within  tho  cake. 

Because  of  the  complex  theory,  it  is  most  convenient  to  consider  feed 
solids  concentration  and  each  individual  food  slurry  as  a 
parameter.  Ho  reliable  equation  has  yet  boon  developed  to  show 
tho  quantitative  influonco  of  either  of  those  variablos  upon 
filtration  rate.  Pressure  drop  across  tho  filter  can  bo  considered 
constant  on  a  continuous  filtor  duo  to  its  mothod  of  operation. 
If  tho  fines  migrate  within  tho  cako,  specific  cake  rosistance  V^_. 
will  increase.  However,  in  the  development  to  follow,  tho  best 
nothod  for  handling  such  situations  will  bo  shown.  If  a  blinding 
condition  is  encountered  in  a  filtor  application, rosistance  r 
will  incrcaso  over  the  lifo  of  the  media  or  between  acid  cleanings. 
The  equation  may  still  bo  integrated  assuming  r  constant  as  it3 
change  in  resistance  must  bo  slow  if  tho  filtor  application  is  to 
be  successful. 

V/hilo  ■!,(>. w,  r  and/;\P  havo  eithor  been  considered  constants  or 
have  be'en  handled  as  paramoter3,  it  should  bo.  stressed  that  their 
values  may  change  over  finite  or  long  periods  of  time.  Howover,  the 
final  expressions  to  jo  dovelopod  will  still  indicate  the  d  osirable 
direction  and  magnitude  of  the  irdividuol  variablos  in  ordor  to 
maximize  filtration  rate.  Tho  relation  between  specific  cake 
resistance  and  preuauro  drop  may  be  statod  as  follows? 

*   =  '<NPa 


In  this,  expression  :<J  is  a  constant  over  a  finite  period  of  time 
while  c  reprosont3  tho  cake  compressibility,  which  will  vary  from 
0  for  incompressible  cakes  to  1.0  for  highly  comprossiblo  cakes. 
Substituting  for  .A in  Equation  (§),  the  following  expression  la 
obtained  t 

_dV_=      ^P 
AdO     '.(a'APM  +  r)       (7) 
A 

Cross  multiplying  Equation  (7)  and  dividing  by  u,   the  equation  may 
now  be  written i 

J        '      A—   (\  s 
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Intcgrating  botwoon  tho  limits  of  0  and  Vf  and  0  and  flf  where  Vf 
ic  tho  volume  of  filtrate  obtained  in  a  cake  f armntion  tine  3^*, 
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Rearranging  tlie  above  oquation  to  the  following; : 


a'  a  pi  vv  ftj 


(10) 


Equation  (10)  yiolds  tho  volumo  of  filtrate  obtained  per  unit  area 
for  a  calco  formation  tine  of  6f  during  the  filter  cycle.  However, 
cowago  sludgo  filtration  capacity  is  usually  expressed  in  terms 
of  pounds  of  dry  solids  por  hour  per  fo>t  2,  Thus,  tho  following 
transformation  is  umployodi 

ef    =  (fraction  of  cyclo  tijao  for  cal:o  formation) (MPR) 
=  x  (MPR) 

Therefore,  if  &£   and  1IPR  arc  expressed  in  :.iinutos,  tho  filtration 
rate  in  conventional  nomenclature  would  boi 
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where  Z  =  filtration  rate  oxproased  as  dry  lbs,  colids/hr,/ 
ft.2 
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r'ron  Equation  (13),  it  i3  obvious  that  maximizing  precauro  drop^P 
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food  solids  concentration  w,  and  fraction  cako  formation  timo  x,  and 
niniuizins  specific  cako  resistance  vvf  filter  cycle  timo  KPR,  and  liquid 
viscosity  will  increcso  tho  aolldo  filtration  rate.  Prossuro  drop  is 
maximized  by  jporuting  ftt  high  vacuum  lyols  while  food  ~olids  concentration 
can  only  bo  maximized  by  the  method  of  oporating  the  plant  prior  to  the 
filter  station.  In  tho  case  of  tho  lattor,  it  is  generally  always  advantageous 
to  operate  with  filter  feeds  that  are  as  hi^h  in  solids  a3  possible  and  are 
still  in  a  fluid  condition.  It  is  possible  to  experience  too  high  a  feed 
solids  concentration  which  is  characterized  by  a  "sloughing-off"  of  tho 
cako  a3  it  rises  out. of  submergence .  Such  feeds  are  usually  very  difficult 
to  pump  and  exhibit  a  very  high  dogroe  of  thixotropy  and  should  be  avoided. 

Tho  fraction  of  cako  formation  tine  :;  is  usually  controlled  by  tho  necoosary 
dov-atoring  time  in  order  to  abtain  a  suitably  dry  cake.  As  filter  cycle 
time,  liBR,  is  decreased,  cake  thicknoss  also  decreases  30  that  minimum 
cyclo  timo  will  bo  a  function  of  method  and  completeness  of  cako  discharge. 
Finally,  specific  cako  resistance, *  can  only  bo  minimized  by  omploying 
proper  sludgo  conditioning  and  handling  a3  discussed  oarlior. 

Filtration  rate  may  also  be  incroasod  jy  minimising  or  eliminating  tho 
resistance  r.  As  this  resistance  is  almost  ontiroly  concentrated  in 
the  filter  media,  tho  soloction  of  tho  proper  ono  and  prevention  of 
nodla  Minding  is  essential.  If  this  resistance  can  bo  made  negligible 
liquation  (13)  roducod  toi 
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As  indicatod  earlior,  if  tho  extreme  fines  migrate  within  a  cake  after 

deposition,  spocific  rosistanco/  will  incroaso.  From  experimental  work, 

it  has  been  found  that  tho  not  of feet  i3  to  incroaso  the  cyclo  time  (11PE) 

in  Equation  (14.)  to  a  value  botwoon  1.0  and  0.5  (/+,6).  Thus,  this 

would  further  augment  tho  desirability  of  oporating  at  minimum  filter  cyclo 

times  in  ordor  to  maximizo  filtration  rate. 

As  seon  from  Equation  (l/J  tho  relationship  botwoon  rate  and  pressure  drop  can 

be  exproocod  aa  follows t 

Thus,  it  i3  seen  that  a  logarithmic  plot  of  rate  as  a  function  of  pressure 

drop  should  produce  a  straight  lino  (all.  remaining  variables  being  constant) 

with  a  slope  ranging  from  ■£•  to  0  depending  on  the  valuo  of  s.  In  most 

of  the  cases  tested  to  dato,  the  oxponout  of  the  prossuro  drop  in  Equation  (15) 

has  rangod  from  0.30  to  0.49,  which  would  mean  that  tho  valuo  of  tho 

compressibility  factor  o  has  rangod  from  0.4-  to  0.02.  These  rooulta 

are* summarized  in  Tablo  1  (4).  Thus,  it  is  quite  evident  that  the  highost 

available  pressure  drop  should  be  onployod  to  maximize  filtration  rate, 

particularly  when  a  low  comiroa.jibi.1ity  factor  is  proscnt. 
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To  summarise  the  above  discussion,  the  following  goneral  rules  apply  to 
maximize  dry  solids  handling  rate  of  a  sewage  filter t 

IiaxiBiizo- 

1.  Feed  solid3  concentration  as  long  as  the  resultant  filter  cake 
does  not  "slough-off"  the  filtor  when  coning  out  of  submergence. 

2.  Pressure  drop  or  vacuum  level. 

2.  Fraction  of  cyclo  timo  employod  for  cake  formation.  However, 

this  will  usually  depend  on  the  dowatering  rate  of  the  filter  cake 
as  will  bo  discussed. 

Hininize- 

1.  Filter  cycle  time  consistent  with  good  cake  discharge. 

2.  Specific  cake  resistance.  This  necessitates  proper  sludge 
ccnr?it.ioning  and  handling, 

3.  Filter  media  resistance.  This  is  achieved  through  proper 
solection  and  maintenance  of  a  cloan  media. 

Quantitative  analyses  havo  boon  made  on  all  of  the  above  development  and 
substantiated  by  actual  plant  performance.  The  render  i3  roforrod  to 
the  literature  for  more  dotailed  dlscussion(4,5,6,7). 
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Filter     cake  moisture  content  has  been  investigated  in  previous  studies 
and  found  to  be  a  function  of  the  following  variables  for  any  particular 

solids: 

1.  Cake  thickness 

2.  Dewatering  time 

3.  Pressure  drop  across  the   cake 

4.  Liquid  viscosity 

5.  Air  rate  through  the  cake  during  dewatering 
6«  Specific  cake   resistance 

Other  factors  connected  with  the   filter  station  may  also  influence  moisture 
content,   but  the   above   are  by  far  the  most  important.     Duo  to  their 
interaction,   a  multiple  correlating  factor  was  employed  in  the  empirical 
correlation  of  results  for  a  wide  variety  of  solids. ( 13, 16) 

Correlating  factor        ;    ZcFKJfrd'fftP   \(    I     \  (13) 
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Plots  of  filter  cake  moisture  content  for  many  different  solids  as  a 
function  of  the;  correlating  factor  yielded  a  family  of  curves  that 
asymptotically  approached  minimum  values  with  increasing  correlating 
factor  numbers.  As  cake  permeability  decreased,  the  rato  of  approach  to 
the  minimum  value  also  decreased. 

In  order  to  reduce  filter  cake  moisture  content  by  increasing  the 
correlating  factor,  air  rate  through  the  cake  CFII  o  ,  drying  time  '<'■     dj 

and  pressure  drop  A,  P,  ahould  be  increased  and  cake  thickness  d  and 
li  iuid  viscosity.,  ^.decreased.  Air  rate  through  the  cake  is  a  function  of 
the  drying  time,  vacuum  level  and  jake  thickness  and  is  increased  as  £\   P 
and  i-fd  are  increased  and  as  d  is  decreased.  However,  as  sewage  filter 
cakes  are  generally  relatively  low  in  permability,  very  little  air  is 
pulled  through  the  cake.  Accordingly,  major  attention  must  be  concentrated 
on  cake  thickness,  vacuum  level  and  dewatering  time.   As  the  liquid  in  a 
sewage  sludge  is  primarily  water,  viscosity  can  be  decreased  by  increasing 
feed  temperature .  However,  it  would  not  be  economical  to  raise  the  feed 
temperature  for  cake  moisture  content  decrease  only.   It  is  emphasized 
though  that  every  effort  should  be  made  to  minimize  unnecessary  temperature 
loss  in  the  treatment  plant. 

Cake  thickness  is  reduced  as  cake  formation  time  and  thus  cycle  time  is 
decreased.  This  is  also  desirable  to  increase  the  productive  capacity  of 
the  filter.  This  is  glmilarly  truo  of  pressure  drop  as  maximizing  vacuum 
level  increases  filtration  rate  and  reduces  cake  moisture  content.  As  cake 
dewatering  time.od  is  increased,  the  solids  handling  rate  of  the  filter 
decreases  if  the  sane  fraction  of  cycle  time  is  employed  for  dewatering  due 
to  the  necessary  increase  in  cycle  time.  Thus  it  will  generally  be  found 
most  economical  to  reduce  cake  formation  time  fraction  x  by  running  the 
filter  at  a  low  drum  submergence  and  thereby  increase  the  fraction  of  cake 
dewatering  time. 

It  should  be  stressed  that  proper  sludge  conditioning  is  also  essential  for 
minimizing  cake  moisture  content.  By  this  method,  cake  specific  resistance 
is  decreased  and  dewatering  is  greatly  facilitated. 
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To  summarize,  cako  moisture  content  is  minimised  by: 
llaximizing  - 

1.  Vacuum  across  tho  cake. 

2.  Cake  dewatoring  tine.  As  this  also  affect3  the  productive  aapacity 
oi  the  filter,  it  la  usually  a©s3t  economical  to  run  the  filter  at  a 
low  submergence.  This  uill  increase  the  ratio  of  dewatering  time 
to  cake  f  )rmation  tine  and  still  employ  low  filter  cycle  tines  for 
greater  solids  filtration  rates. 

3.  ha':ir.iae  filtration  temperature.  :'.s  it  is  uneconomical  to  heat  the 
filter  food,  this  entails  maintaining  the  feed  temperature  without 
unnecessary  cooling. 

i.inimize- 

1.  C'dte  thickness  consistent  with  good  cake  discharge.  Filtrate 
clarity  is  primarily  a  function  of  the  filter  media  employed  and  proper  kludge 
conditioning.  It  is  os.cntial  to  obtain  a  sufficiently  low  solids  content 
in  the  filtrate  fcj  prevent  a  .juild-up  of  a  circulating  l.o1.  of  solids 
in  the  seungo  treatment  plant.  Low  solids  concuntration  of  200  p. p.m. 
or  less  in  the  filtrate  are  possible  by  correct  filter  ;..edia  selection.  At 
the  came  tiir.c,  if  tho  kludge  is  improperly  conditioned,  unflocculatod 
colloidal  slimes  will  appear  in  tho  filtrate  in  excessive  amounts  to  cause 
treatment  problems  in  the  plant. 

In  many  present-day  plants,  tho  filtration  of  sludge  as  judged  by  the  four 
criteria  is  being  accomplished  reasonably  well.  lor  e::ample  the  filtration 
of  raw  primary  sludge  in  plants  such  as  Jaginaw,  Michigan  is  handled  quite 
economically.  katcs  up  to  11  dry  lbs,  per  hour  per  square  foot  have  been 
obtained  with  cake  moisturos  of  50-55/i  and  with  a  minimum  chemical  addition 
of  1.5$  ferric  Cliloride  and  5. O.J  Lime.  In  addition,  there  is  no  blinding 
problem  in  that  over  /+Q00  hours  are  experienced  with  l/l  plain  v/eave 
Polyethylene  fabric  (some  installations  report  over  12,000  hours  oporation 
with  other  cloth  media). 

In  cases  such  as  this,  filter  operational  economics  are  almost  at  an 
optimum  point,  and  furthor  increases  in  efficiency  could  only  be  accomplished 
'cry   investigating  possible  improvements  in  the  sludge  conditioning,  as  covered 
in  the  first  part  of  this  paper. 

However,  in  a  proportionately  creator  num-jcr  of  plants  filtration  of  sludge 
is  being  accomplished  quite  poorly  duo  to  tho  improper  filter  uucign  for  that 
particular  application.  In  plemts  where  difficult  iiltering  sludges  nro 
encountered,  provisions  must  be  made  on  the  filtor  for  coping  with  thin 
cake  formation,  media  blinding  conditions,  and  chemical  encrustation  due 
to  a  carbonate  build-up. 

Figure  5  is  a  diagram  of  tho  basic  construction  of  a  filter  designed 
specifically  to  solve  difficult  filtering  prjblens,  tho  ikvtobclt  filter.  The 
design  of  this  filter  consists  of  a  basic  drum  filtor,  a  woven  metallic  media, 
rollers  to  assist  take-off  and  return  of  the  :..odia,  and  washing  and  cleaning 
facilities. 

Unlike  conventional  drum  filters,  the  ...odia  employed  on  the  uotobelt  is  not 
caulked  to  tho  filter  dock  but  rather  lies  on  tho  drum  surface  until  it  is 
transferred  to  tho  discharge  roller. 
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There,  the  sludge  cake  is  discharged  by  the  combined  action  of  the  passage 
of  the  modia  ov..r  a  m&QJ.   diameter  roller  and  the  flexing  action  of  the  media 
itself.  This  flexing  action  permits  couplotc  discharge  of  properly  dowaterod 
cakes  as  thin  as  l/l6-inch  v;hile  also  loosening  any  solids  which  tond  to 
become  'embedded  in  the  Media.  After  discharge,  oho  nodia  travels  undor 
a  uash  roller,  where  it  ;nay  be  sprayed  or  passed  through  a  solvent  for 
removal  of  any  possible  chemical  encrustation. 

Also,  spray  uater  or  solvent  is  contained  in  a  wash  trough  which  is  soparate 
from  the  filter  food  tank,  and  thus  any  cleaning  operation  can  be 
accomplished  without  interrupting  or  interf erring  with  the  filtration 
operation.  After  the  possible  cleaning  operation,  tho  Lodia  is  returned 
back  to  the  drum  surfaco  ,rt), 

Tho  notobelt  type  filter  has  been  installed  in  many  sludge  treatmont  plants 
to  elimlnato  difficult-  filtration  problems  encountered.  The  results 
obtained  in  three  i.ifferout  sewago  treatment  plants  that  hr.vo  installed 
Ttotobelt  filters  to  replace  conventional  cloth  drum  filters  duo  to 
filtration  difficulties,  ore  pro-ontod  on  the  following  pages. 
A  comparison  between  the  operation  obtained  on  tho  drum  filter  and  the 
nOtobelt  filter  will  bo  given  together  with  the  economics  of  the  new  operation. 

Fond  du  Lac.  Wisconsin 

Tho  City  of  Fond  du  Lac,  Wisconsin  Jcwage  Treatment  Plant  serves  an  equivalent 
population  of  over  40,000  and  treats  over  four  million  gallons  of  sewage 
per  day  of  which  one  fourth  consists  of  a  tannory  wqfre  (lA) .  Tho  plant 
employs  primary  settling,  jio-filtration  of  the  primary  effluent  and  digestion 
of  the  underflows,  binco  a  relatively  largo  portion  of  tho  plant  influent 
cc»:ristent  of  tho  tannery  waste,  an  oxtremoly  difficult  filtration  problem 
was  encountered  duo  to  tho  largo  amount  of  hair  and  grease  present  which 
promoted  rapid  cloth  blinding.  This  blinding  problem  resulted  in  a  relatively 
short  cloth  life,  and  cloth  replacement  exponso  become  a  aajor  item  on  the 
filter  budget.  Also  due  to  i..odia  blinking,  tho  plant  filters  were  forced  to 
use  3low  nycle  spends  of  5.0  minutes  or  longer  to  obtain  a  cake  of 
sufficient  thickness  to  bo  ablo  to  effect  cake  discharge.  With  recont 
papulation  and  industrial  increases,  the  plant  load  become  too  great  for  the 
two  6'  by  81  cloth  covered  drum  filters  and  an  additional  capacity  was 
urgently  needed.  T!.i3  meant  that  cither  costly  filter  plant  expansion 
must  be  mado  with  incroasod  sludge  drying  handling  facilities  or  replacement 
of  the  present  filters  with  largor-sisod  filters  would  soon  have  to  bo 
accomplished. 

A3  either  of  those  methods  would  moan  a  largo  capital  expenditure,  the 
plant  superintendent  decided  to  convert  his  cloth-covered  drum  filters  to 
the  uotobclt  typo,  which  offerod  increased  productive  capacity  while 
keeping  oxponscs  within  his  budget.  Initially,  only  ono  of  tho  two 
6'  x  8'  drum  filters  was  convcrtod  to  a  notobolt,  and  thus  a  good  operating 
comparison  was  obtained  botwoon  tho  liotobelt  and  tho  cloth-covered  drum 
filter  on  the  samo  food,  Figure  6  is  a  picture  of  the  initial  Fond  du  Lac 
Rotobelt  in  oporotion,  dote  tho  high  vacuum  of  22-25  Hjj  resulting  from 
the  excellent  seal  betwoen  tho  media  and  tho  drum  surface.  At  the  extreme 
left  center  o£   the  _>icturo,  a  view  of  the  clean  bolt  can  bo  seon  after 
discharge,  showing  tho  100,j  removal  of  tho  cake.  Figure  7  ie  a  front  view 
of  the  ,?i.co  filter,  again  showing  the  100,j  discharge  and  tho  excellent  soal 
as  indicated  by  tho  tightness  of  tho  belt  against  the  h06.20r.tal  division 
strips. 
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Tabic  II  is  a  comparison  of  the  operating  results  from  tho  Rotobclt  and 
the  cloth- covcr-ed  drum  filter.  Ac  can  bo  seen  from  thin  comparison, 
tho  Rotobclt  rato  production  is  50,j  greater  than  the  conventional  drum- 
filter,  This  increase  in  rato  %a   due  to  the  Rotobclt 's  ability  to  conpletely 
discharge  thin  calces  which  enables  faster  cycle  3poeds  to  be  employed. 
The  most  econo::iic;.J.  filter  operation  is  achieved  at  tho  fastest  cycle 
speed  which  produces  an  acceptable  cake  moisture  and  a  dischargeable  cake(^). 
The  results  tajulatcd  in  Table  II  show  that  no  increase  in  cake  moisture 
is  obtained  at  the  faster  cycle  speed,  and  therefore  the  economic  savings 
produced  by  the  increase  in  production  on  the  Rotcbelt  operation  is  evident. 

Jeviral  months  ago  the  second  cloth-covered  drum  filter  was  converted  to 
a  dotobelt,  .ioth  Units  are  now  producing,  more  sludge  in  two  shifts  than 
the  cloth-covered  drum  filters  wore  able  tp  produce  in  the  entire  day. 
i.ith  this  extra  pi'oductivo  capacity,  the  superintendent  is  planning  on 
reducing  operating  Lime  with  tho  subsequent  saving  in  labor  and  power. 
Thus,  by  proper  filter  application  in  a  difficult  sludge  filtration 
problem,  a  costly  plant  expansion  was  averted  and  additional  operational  cost 
savings  may  oo  realized. 

Ann  Arbor,  l.ichitran 

Tho  City  of  Ann  Ar_>or,  Michigan  employs  primary  settling,  activation  of  the 
primary  effluent,  and  digostion  of  tho  primary  and  waste-activated  sludges. 
The  Ann  Arbor  plant  i3  also  faced  with  a  difficult  filtration  problem 
as  the  plant  influent  consists  almost  entirely  of  domestic  sewage  coupled 
with  a   large  amount  of  fine  silt.  This  combination  produced  a  rapid 
"olinuing  condition  in  tho  f a'jric  employed  on  tho  plant  drum  filters. 
The  superintendent  tried  virtually  till  typos  of  fabrics  and  reaves  in  an 
attempt,  to  discover  a  modiu  which  would  resist  the  blinding  action  of  the 
sludge,  i.  owevor,  the  best  cloth  from  a  standpoint  of  initial  cost  and  length 
of  service  appeared  to  bo  tho  cheapest  cotton  flannol  available,  which  lasted 
about  150  hours.  dvon  considering  that  this  media  was  the  best  available, 
this  short  length  of  sorvico  meant  that  cloths  had  to  bo  replaced  overy  v/cok, 
resulting  in  c.own  time  of  tho  filtoi'  plus  the  labor  needed  to  change 
the  media  plus  approximately  ,2000.00  annually  in  media  replacement  costs. 

In  order  that  thi3  problem  might  bo  eliminated,  the  superintend* ent  decided 
to  convert  omo  of  the  tvo  8'  x  3'  urun  filters  to  a  Rotobclt,  wh^ch  would 
employ  a  permanent  stainless  stool  media  ond  provide  facilities  £SF   maintaining 
a  non- blinded  media  surface  "gain,  a  very  good  operational  compai*icon 
between  the  ot  foelt  and  tho  cloth-covorod  drum  filters  was  obtained".,  which 
is  presented  in  Table  III.  In  this  case,  not  only  did  tho  Rotobclt  z'.hQV   a 
substantial  increase  in  production,  ;jut  i.dso  u  reduction  in  cako  :uois*iure 
and  el.cmienl  consumption  war©  roalized.  Tho  increase  in  rate  and  the 
reduction  in  cake  moisture  can  bo  attributed  to  tho  use  of  u  non-blindod 
media  which  .  crmits  a  more  effect ivo  "use  of  the  vacuum  in  cako  formation 
and  dewatoring. 

The  savings  in  chonieals  wore  made  possible  by  operating  at  the  lowest 

can.'itioning  dosago  nucossary  for  proper  flocculation.  This  was  not  possible 

with  tho  cloth  media  as  over-dosage  we;3  mandatory  to  maintain  pro  >er 

cako  formation  on  tho  semi-blinded  meclin  with  the  normal  fluctuations  encountered 

in  tho  plant,  The  reduction  in  ferric  chlorido  dosage  from  10  to  3.5£ 

resulted  in  c  savings  of  ,73.00  per  day,  and  the  reduction  in  lime  dosage 

from  2A  to  172  rosultod  In  a  savings  of  ..£3.52. 
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The  combined  savings  resulting  from  the  proper  filter  applies ' U n 
in  this  instance  amounted  to  a  ^101.52  daily  chomical  cost  reduction,  a 
,■2000,00  nodi  a  replacement  cost  reduction,  aftd  an  Increased  production 
output  oi"  twice  tho  previous  rate.  Winces  about  2,/+00,000  lbs,  oi" 
solids  are  handled  annually,  it  will  require  approximately  100  days 
of  ..otobolt  operation  to  process  Uids  sludgo  whereas  previous  cloth 
filter  operation  required  200+  days.  In  teres  of  dollars  and  cents, 
this  reduction  in  operating  timo  moans  that  the  plant  will  save  about 
:^, 200.00  in  labor  (,,1.75/hr.  x  2/,00  hrs.)  and  ..480.00  in  power 
savings  (20  h.p.  x  2400  x  1$*)  or  a  total  of  XoSO.OO.  This  savings 
docs  not  include  tho  labor  caving  resulting  iron  not  operating  the 
incinerator  during  this  period  or  tho  savings  in  down  tine  and  labor 
for  elimination  of  media  replacement.  Thus,  the  combined  cost  reduction 
totals: 

v  101.52/day  x  100  days  *        vlO,152  (chem) 

2000.00/y*ftrx  1  year   =  2,000  (media) 

1.75/hr.  x  2400  hrs.  saved=     4,200  (labor) 

20  h.p.  x  2400  hrs.  saved  x  1{!=   AGO  (power) 


TOTAL    016,832 

Again,  as  proof  of  the  oconomic  reality  of  the  Kotobelt  operation  on 
this  difficult  sludge,  the  plant  has  recently  converted  the  -Twining 
cloth  filter  to  a  Rotobolt,  thus  increasing  the  operational  cost  savings. 

Cranston. Rhode  Inland 

The  City  of  Cranston,  Rhode  Island  Sewage  Treatment  Plant  handles 
an  annual  average  daily  sewage  flow  of  nearly  four  million  gallons  from 
an  equivalent  population  of  ovor  45,000  (15).  The  plant  treatment 
includes  primary  settling,  activation  of  the  primary  effluent,  digestion 
of  the  primary  and  waste  activated  sludges,  and  elutriation  of  the 
digo3tM  sludgo.  Tho  plant  also  processes  a  largo  ^,iuno  of  toxtilo 
wastes  with  the  normal  sowago  influent.  These  wastes  produce  a  difficult 
filtering  material  and  filtration  rates  are  reduced  ciuo  to  tho  slow 
cycle  speed  roquired  to  discharge  tho  thin  cake.  Cuke  moistures 
before  handling  tho  textile  vasto  wore  about  70-7 5&;  however,  cake 
moistures  on  tho  sludgo  including  the  wastes  avorago  30£. 

Tho  two  8'  x  81  drum  filters  employed  a  napped  Dyncl  cloth  and  a 
string  discharge  to  assist  the  r  cinoval  of  the  sticky  cake.  I.'owcvcr, 
even  these  measures  could  not  eliminate  tho  media  blinding  problem 
resulting  from  this  difficult  filtering  material.  Therefore,  to 
ovor-conie  this  difficulty,  one  of  tho  two  8'  x  8'  units  was  convortod 
to  a  Rotobolt  filter  with  a  permurcnt  stainless  media.  The 
operational  results  obtained  on  this  conversion  unit  are  summarized 
in  Table  IV. 

It  is  interesting  to  noto  that  again  the  Rotobelt's  ability  to  completely 
discharge  thin  calces  has  resulted  in  a  substantial  increase  in 
productive  capacity  as  compared  tj  tho  conventional  cloth-covered 
drum  filter.  1)ho  increased  Rotobolt  output  of  60-80£  over  the  previous 
production  has  resulted  in  a  reduction  in  the  necossary  operating  t imo. 
How,  a  five  day  production  can  bo  achieved  in  only  four  days,  resulting 
in  a  reduction  of  50  operating  days  per  year. 
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Using  the  sang  basis  as  employed  in  the  Ann  Arbor  calculations,  the 
savings  in  labor  costs  v/ouid  be  v700.00  per  year  (50  days  x  G  hr.  day  X 
1.75  per  hour)  and  the  power  savings  would  be  about  ;80.00  per  year 
(20  h.p.  x  /f00  hours  x  1#)  or  a  total  of  /ft'O.OO  per  year.  This  is 
exclusive  of  filter  media  savings  and  labor  costs  Tor  replacement  of 
media. 

This  filter  has  not  boon  in  oporation  as  long  as  tho  Fond  du  Lac  and 

Arm  Arbor  units,  and  therefore  it  is  extremely  possible  that  further 

savings  nay  be  realised  in  chemical  dosago  reduction,  ilo  attempt 

has  oecn  made  to  reduce  the  dosage  to  date,  but  earlier  tost  vork 

has  indicated  tho  poscibiiity  that  the  ferric  chloride  dosage  nay 

be  reduced  slightly  or.  tho  Potcbelt  without  decreasing  th'j  cake 

rate  or  increasing  tho  cake  moisture.  Ilo-'cver,  even  if  this  reduction 

cannot  be  satisfactorily  accomplished,  tho  excellent  operation  presently 

obtained  and  the  savings  in  operating  cost  have  again  illustrated 

the  economies  of  proper  filter  application  on  a  difficult  sludge. 

araauar 

The  use  of  vacuum  filtration  as  a  means  of  devatoring 
waste  sludges  to  a  handleable  state  has  developed  to  3  rapidly  for 
proper  application  of  tho  correct  equipment  design  to  the  particular 
problem.  Dve  to  the  employment  of  or.e  filter  dosign  and  antiquated 
flocculation  techniques  for  all  typos  of  sludge  filtration,  troublosome 
operation  is  encountered  which  is  characterized  by  any  or  all  of  the 
following:  (l)  rapid  media  blinding,  (2)  low  cake  rates,  (3)  high 
cakes  raoiitures,  and  (4)  high  chemical  consumption.  To  alleviate 
these  conditions,  an  investigation  was  undertaken  to  dotermine  the  correct 
method  of  conditioning  sludge  and  a  survey  was  made  to  illustrate  the 
economic  advantages  of  proper  filtor  application. 

It  was  found  that  to  achieve  economic  mixing  of  chemicals  with  the 
sludge,  it  is  quite  important  to  make  the  proper  selection  of  the 
impeller-  type  and  the  speed  of  the  mixer  based  on  fundamental  knowledge 
of  the  fluid  properties  of  sludge.  3y  applying  the  techniques  of 
developing  dcmonsionloss  scale-up  constants  in  geometrically  and 
dynamically  similar  installations,  the  correct  mixer  design  will  bo 
obtained  in  the  flocculation  equipment  in  treatment  plants. 
Optimum  or  pea];  filtration  will  ensue  if  this  correct  design  is  employed 
with  a  minimum  retention  tine  of  2.0-0,25  minutos  for  the  flocculated 
sludge. 

Tho  conventional  cloth-covered  drum  filtor  has  boon  and  should  be 
employed  whore  trouble- free  operation  (good  cake  rate,  low  cako 
moisture,  lev;  chemical  dosage,  long  media  life)  is  on count ored. 
Uhon  this  type  of  operation  cannot  be  maintained  on  cloth  filters  duo 
to  difficult  filtering  sludgos,  the  Rotobolt  filter  offers  a  more 
economical  oporation  duo  to  its  design  which  pormits  maintenance  of 
a  non-blinded  media  at  all  times.  Operational  comparisons  between 
tho  P.otobelt  and  uloth-covored  i-jfrun  filters  have  been  made  at  treatment 
plants  in  Fond  du  Lae,  Wisconsin,  Ann  Arbor,  Michigan  and  Cranston, 
Rhode  Island,  In  all  three  cases,  difficult  filtoring  sludgos  must 
bo  handled  which  produce  poor  operation  on  cloth-covcrod  drum  filters. 
At  Fond  du  Lac,  a  costly  filtor  plant  expansion  due  to  an  incroasetl 
load  wi.ii  averted  by  converting  to  Rotobelt  opcrr.ti.on,  which  not  only 
handled  thu  increased  load  b\it  offered  a  reduction  in  operating  time 
due  to  the  increased  production. 
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At  Ann  Arbor,  a  total  savings  of  ^16,832.00  per  year  was  obtained 
in  the  redaction  of  operating  costs  by  converting  to  Rotobelt  operation. 
At  Cranston,  one  filter  conversion  to  a  Rotobelt  caved  50  operating 
days  per  year  duo  to  the  increased  production. 

Therefore  the  conclusions  reached  from this  investigation  arc  that, 

if  the  most  e  uouomlc:\l  operation  is  to  be  achieved,  (l)  proper 

flocculating  equipment  design  should  be  made  using  the  technique 

outlined  in  this  paper,  and  (2)  the  cloth-  ^ovorod  drum  filter 

may  bo  successfully  used  on  easy  filtering  sludges  such  as  Raw-Primary, 

while  the  Rotobelt  type  filter  should  be  employed  on  difficult  f  iltering 

sludges. 
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NOI-J&CLATUaS 
Unless  otherwise  specified,  any  consistent  unite  nay  be  employed, 
jjyriboj,  Definition 


A  Area 

D  Impollar  diameter,  f-ot 

d  Calco  thickness 

0  Gravitational  constant,  ft ./sec,* 

K  Proportionality  constant 

MPR  Filter  cycle  tine,  minutes/rev. 

ra  Exponential  function  for  Reynolds 

number 

n  Expo*<»#tial  function  for  Froude  number 

N  Impeller  speed,  rovolutlons/sec, 

Npr  Froude  Number  =  Dil^/g 

Kp  Power  number  =  P,, 

%e  Reynolds  lfumbor  =  D*-N  ' 

P  Power  in  ft, -lb. /sec. 

(Si  Pressure  drop 

r  Resistance  of  filter  media  and  piping 

s  Compressibility  factor 

T  Tonic  dianoter,  feot 

V  Volume  of  filtrate 

Vf  Volume  of  filtrate  in  time  9$ 

v  l.'olght  of  dry  cake  3olids  per  unit 

volume  of  filtrate 
x  Fraction  of  filter  cycle  tirao 

devoted  to  cake  formation 
CF^t.2  Volume  of  air  pulled  through  the 

cake  per  square  fojt  of  filter  area 

measured  at  ono  ntmo sphere  and  32°F» 
"^  Specific  cuke  resistance 

0  Time,  minutes 

©d  Calco  dcwatorin£  tine,  uinutoo 

Of  Cake  formation  time,  minutes 

<-v_  Liquid  viscosity,  lbs,raa3s/ft,-8oo. 


A,  A  function  =  W- 


C 


Density  in  lbs,  maas/ft,^ 
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Table  II 
SuEimrv  of  Operational Insults  on  6'  ^3'  Itotobolt 
And  61  x  81  Cloth-Covcrod  Drup  Filter 
Fond  Du  Lac,  Wisconsin 


Conventional  Drun 

liotobolt 

Cyclo  Time,  KPR 

5.0 

2,5-3.0 

Vacuum,  Inches  Hg 
Form 
Dry 

23 

*■  m 

24-26 

21-22 

Filter  lCodiun 

Polyothylono 

S.5.  Woven 

Filtration  Hate  - 

Lbs.  Dry  Solids/Hr./.'t/ 

3.0 

4.5 

Cako  iioisture  Content  - 
Ut.  % 

69-70 

69-70 

Chemical  Ut.  % 
F0CI3 
CoO 

A 
16 

16 

Filtrate  Clarity 

# 

100  ppm  or 
loss 

*  Filtrato  clarity  doponds  on  condition  of  fabric  U3ed  as  filtering 
nediun.  If  fabric  ia  new,  clarity  is  cxcollentj  if  fabric  is  worn, 
clarity  is  not  too  good. 
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Table  III 
Summary. of  Operational  Reaulta  on  8*  x  8*  Rotobolt 
And  B'  x  8'  Cloth-Covorcd  Drum  Flltor 
Ann  Arbor.  I-Iichlron 


Cyclo  Tine,  KPR 

Vacuum,  Inches  Hg 

iorm 
Dry 

Flltor  liedium 

■ 

Filtration  Rate  -       » 
Lbs.  Dry  3olido/H*y *Ft.* 

Cake  i:oi«luro  Content 
Ut.  % 

Chemical  Wt.  % 
FeCl3 
CaO 

Filtrate  Clarity 


Conventional  V™® 

^qtobclt 

6,0 

2.5 

25 
20-25 

22 
20 

Canton  Flannal 

S.5,  Woven  "./ire 

2.5 

5.0+ 

78-80 

70-75 

10 
24 

3.5 
17 

* 

200  ppm 
or  loss 

*  Filtrate  clarity  doponds  on  condition  of  fabric  used  aa  filtering 
medium.  If  fabric  is  new,  clarity  i3  oxcollent;  if  fabric  is  worn, 
clarity  is  not  too  good. 
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Tablo  IV 
Summary.. of  Operational  Results  on  81  x  8*   Rotobolt 
And  8'  x  8'  Cloth-Covered  Drma  Flit or 
Cranston,  Rhode  Island 


Conventional  Drum 

Rotobelt 

Vacuum,  Inches  Hg 
Form 
Dr$ 

17-20 
17-20 

17-20 
17-20 

Filter  Kodium 

Dacron  with  Nap 
String  Discharge 

S.S,  Ito 

Filtration  Rate  - 
Lbs .  :>ry  Solids/Hr .  1?  t . 2 


Cake  Moisture  Content 
Ut.  % 


Classical  Ut,  % 

F0CI3 
CaO 


3.3    t  t  5.3-5.9 

(25,000#/7.6  hr.)   (40-45,COCy«/7.6  hr.) 


8f\> 


5-6 


80 


5-6 


Filtrate  Clarity 


100-300  ppm 


*  Filtrato  clarity  depends  on  condition  of  fabric  used  as  filtering 
medium.  If  fabric  is  new,  clarity  is  excellent;  if  fabric 
is  worn,  clarity  is  not  too  good. 


TD 

897.5 
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1957 
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